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VI. LEATHERS-— TENTATIVE. 
VEGBTABLS TANIVED LBATHER. 

1 PSBPASATION OP SAMPLB. 

Grind the sample, without undue heating, and pass through a 10 mesh sieve. The 
ground sample must not contain hard lumps. Plane heavily greased leathers (con- 
taining more than 20 % fat) into very thin shavings. Spread out the prepared sample 
and allow it to retivn to atmospheric moisture condition; mix thoroughly, and 
place in tightly covered containers. 

2 MOISTURB. 

Place 10 grams of the sample, as prepared under 1 , in a tared, wide, shallow, weigh- 
ing bottle (or a similar dish which can be covered tightly), and dry in a water oven 
for 15 hours at QS^-IOO^'C. Cover the weighing bottle, cool in a desiccator containing 
sulphuric acid, and weigh. The moisture present in the leather as received may be 
determined by cutting it quickly into small pieces and dr3ring without grinding as 
directed above. 

3 TOTAL ASH. 

Incinerate slowly 5 grams of the sample, as prepared under 1 , at a dull red heat. 
If difficulty is experienced in burning ofif the carbon, leach the residue with hot 
water, filter on an ashless filter, dry and ignite the filter and residue, add the filtrate, 
evaporate to dryness and ignite. Cool in a desiccator containing sulphuric acid and 
weigh. 

The ash may be examined for acids and bases by any suitable method. Ahunin- 
lum, magnesium, sodium, barium, calcium and lead are the bases, and hydrochloric 
and sulphuric acids are the acids which it may be necessary to determine. 

4 INSOLUBLE ASH. 

Incinerate slowly the residue from the extraction of water-soluble material, ob- 
tained in 6 or 7, until all the carbon is burned ofiF, cool in a desiccator containing 
sulphuric acid and weigh. 

5 FATS. 

Place, without packing, 15 grams of the leather, as prepared under 1 , in a Soxhlet 
or Johnson extractor with a layer of fat-free cotton above and below the sample. 
Extract 8-10 hours with petroleum ether distilling between 60** and 80**C. Heavily 
greased leathers (containing 15% or more fat) will require the maximum time. Re- 
move the receiving flask, evaporate the petroleum ether on the steam bath and dry 
the fat residue for 3 hours in a water oven at 98M00°C., cool in a desiccator and 
weigh. Repeat the drying in the water oven for periods of 1-1} hours, cooling and 
weighing as before, until no further loss in weight occurs. Retain the leather 
residue from the fat extraction for the extraction of water-soluble material in 6 or 7. 

BXTRACnON OP WATBR-SOLUBLE HATBRIAL. 

6 Method I. 

Evaporate the petroleum ether from the fat-free leather, obtained under 5, and 
moisten thoroughly with from 100-150 cc. of water. Place a layer of cotton in the 

1 



Digitized by 



Google 



2 METHODS OF ANALYSIS [Chap. 

bottom of a Sozhlet extractor designed for making extractions at temperatures be- 
low lOO^C. 

An extractor of this kind is furnished with a water jacket surrounding that por- 
tion of the apparatus containing the sample but does not enclose the side tube which 
carries the hot vapors to the condenser. 

Transfer the moistened fat-free leather to the extractor, and cover this with 
another layer of cotton to avoid siphoning off solid particles. Maintain the tempera- 
ture of the jacket surrounding the Soxhlet at 50^C. (1) Pour 200 cc. of water (in- 
cluding that used in moistening the leather) into the Soxhlet and allow it to siphon 
into the flask below, then heat and extract for an hour. Remove the flame and trans- 
fer the extract to a liter graduated flask. Then add water and continue the ex- 
traction as directed below, removing and transferring the extract to the liter 
flask before each fresh addition of water. 

(2) Add 175 cc. of water and extract for 2 hours. 

(3) Add 175 cc. of water and extract for 3 hours. 

(4) Add 175 cc. of water and extract for 4 hours. 

(5) Add 175 cc. of water and extract for 4 hours. 

Transfer the last portion of the extract to the graduated flask. This gives 14 
hours' extraction and an extract which does not exceed 1 liter in volume. Dilute to 1 
liter at room temperature and mix thoroughly. 

7 Method II. 

(This method is the same in principle as the official method of the American Leather 

Chemists Association.^) 

Digest overnight 30 grams of the fat-free leather, obtained under 5, in approxi- 
mately 200 cc. of water. Transfer the leather and extract to a percolator. Continue 
the extraction by percolating with water at SO^'C. Collect 2 liters of percolate, 
regulating the flow of water at such a rate that 2 liters will be collected in 3 hours. 
Dilute to volume at room temperature and mix thoroughly. 

To the extract, prepared according to 6 or 7, add a few drops of toluol to prevent 
fermentation of sugars, and reserve for the determination of glucose, total solids, 
soluble solids, and nontannins. 

OLUCOSB. 

8 PBBPABATION OF BOLXTTION. 

To 200 CC. of the leather extract, as prepared under 6 or 7, add 25 cc. of a saturated 
solution of normal lead acetate, mix thoroughly, and filter at once through a dry, 
plaited paper, returning the first portions of the filtrate to the filter until the fil- 
trate becomes clear. Keep the containers and the funnel covered during these opera- 
tions. Without waiting for the entire filtrate to run through add 10-12 grams 
of solid potassium oxalate, shake frequently during 15-20 minutes and filter through 
a dry, plaited paper returning the first runnings to the filter until the filtrate runs 
clear. Pipette 150 cc. of the last filtrate into a 600 cc. Erlenmeyer flask, add 5 cc. of 
concentrated hydrochloric acid and boil under a reflux condenser for 2 hours. Cool, 
neutralize with solid sodium carbonate, using a little phenolphthalein as indicator, 
transfer to a 200 cc. volumetric flask and complete to volume with water. Filter 
through a double filter, and return the first runnings until the filtrate becomes 
perfectly clear. Determine the dextrose in the filtrate immediately. 
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VI] LEATHERS 3 

9 DBTEBIONATION. 

Determine dextrose in 50 cc. o f the solution, as prepared under 8, equivalent to 
0.5 gram of leather, according to VIII, 25 and express the result as glucose. 

10 TOTAL SOLIDS. 

Determine as directed under V, 2. 

11 SOLUBLE SOLIDS. 

Determine as directed under V, 4. 

12 NONTANnnrs. 
Determine as directed under V, 7. 

13 SOLUBLE TANEnr. 

The difference between the percentage of the soluble solids and the corrected 
nontannins is the percentage of tannin. 

14 EITROOBN. 

Determine as directed under I, 21 • 

1 5 HIDE SUBSTANCE. 

Multiply the percentage of nitrogen by 5.62. The result will be the percentage 
of hide substance present. 

1 6 COMBIEED TAEEIH. 

Deduct the sum of the percentages of moisture, under 2, insoluble ash, under 4, 
soluble solids, under 11, and hide substance, under 15, from 100. The result will 
be the percentage of combined tannin. 

BIBLIOGRAPHY. 
> J. Am. Leather Chem. Assn., 1915, 10: 122. 
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Vn. INSECTICIDES AND FUNGICIDES. 
GENERAL METHOD. 

1 PRBPARATIOir OF SAMFLB.— TBNTATiyE. 

Mix thoroughly all samples before analysis. Make water-soluble arsenic deter- 
minations on samples as received without further pulverisation or drying. In 
the case of lye, sodium cyanid or potassium cyanid, weigh large quantities in weigh- 
ing bottles and analyse aliquots of the aqueous solutions. 

PARIS GREEN. 

2 MOISTUKB.— TBHTATIVB. 

Dry 2 grams at 105^-llO^C. for 5 hours and express the loss in weight as moisture. 

TOTAL ARSBNICi-OFnCIAL. 

(Arsenic, present as arsenate, is titrated as arsenious oxid.) 

3 RE AGENTS. 

(a) Starch indicator. —Mix about 0.5 gram of finely powdered potato starch with 
cold water to a thin paste; pour into about 100 cc. of boiling water. 

(b) Standard arsenious oxid solution, — ^Dissolve 2 grams of pure arsenious oxid 
in a beaker by boiling with about 150-200 cc. of water containing 10 cc. of concen- 
trated sulphuric acid, cool, transfer to a 500 cc. graduated flask and dilute to the 
mark. 

(C) Standard iodin solution. — Prepare an approximately N/20 solution as fol- 
lows: Mix intimately 6.35 grams of pure iodin with twice its weight of pure potas- 
sium iodid. Dissolve in a small amount of water, filter and dilute the filtrate to 

1 liter in a liter graduated flask. Standardise against (b) as follows: Pipette 50 
cc. of the arsenious oxid into an Erlenmeyer flask, dilute to about 400 cc, neutralize 
with sodiimi bicarbonate, add 4-5 grams in excess, and add the standard iodin solu- 
tion from a burette, shaking the flask continuously, until the yellow color disap- 
pears slowly from the solution, then add 5 cc. of the starch indicator and continue 
adding the iodin solution, drop by drop, until a permanent blue color is obtained. 
Calculate the value of the standard iodin solution in terms of arsenious oxid (AssOs) 
and arsenic oxid (A820ft). Occasionally restandardize the iodin against freshly 
prepared arsenious oxid solution. 

4 APPARATUS. 

The apparatus used is shown in Fig. 5. The distillation flask rests on a metal 
gauze which fits over a circular hole in a heavy sheet of asbestos board. The first 

2 Erlenmeyer flasks are of 500 and 1000 cc. capacity and contain about 40 and 100 
cc. of water, respectively. Both of these flasks should be placed in a pan and kept 
surrounded with cracked ice and water. The third flask, containing a small amount 
of water, is used as a trap. 
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METHODS OF ANALYSIS 



[Cluip. 



O DBTBBMINATZON. 

Weigh an amount of the sample equal to the arsenious oxid equivalent of 250 
cc. of the standard iodin solution, and wash into the distillation flask by means of 
100 cc. of concentrated hydrochloric acid (sp. gr. 1.19). Add 5 grams of cuprous 
chlorid (CuiClt) and distil. 

When the volimie in the distillation flask is reduced to about 40 cc, add 50 cc. 
of concentrated hydrochloric acid by means of the dropping funnel and continue 
the distillation until 200 cc. of the acid distillate have passed over. Then wash 
down the condenser and all the connecting tubes carefully, transfer these washings 
and the contents of the 3 Erlenmeyer flasks to a liter graduated flask and dilute 
to the mark. Mix thoroughly, pipette 400 cc. into an Erlenmeyer flask and nearly 
neutralize with a saturated solution of sodium or potassium hydroxid, using a few 
drops of phenolphthalein as an indicator, keeping the solution well cooled. 

Continue as directed under 3 (C) beginning with ''neutralise with sodium bicar- 
bonate." The number of cc. of iodin used in this titration represents directly 
the total per cent of arsenic in the sample expressed as arsenious oxid (AstOt). 




FIO. 6. APPARATUS FOR DISTILLATION OF ARSENIC CHLORID. 

TOTAL ARSBEIOUS OXID. 

(The following methods determine arsenic, and antimony if present, as the -ous 
oxids, AstOt and SbtOt, respectively. Ferrous and cuprous salts vitiate the results.) 

Method I. 
C. C. Hedges Method* Modified. '^Tentative. 

6 EEAGBNTS. 

The reagents and solutions used are described under 3. 

7 DBTBBMINATION. 

Weigh an amount of the sample equal to the arsenious oxid equivalent of 100 cc. 
of the standard iodin solution, wash into an Erlenmeyer flask with 10-15 cc. of dilute 
hydrochloric acid (1 to 1), followed by about 100 cc. of water, and heat on the steam- 
bath to complete solution, at a temperature not exceeding 60^0. Cool, neutralise 
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Vll] INSECTICIDES AND FUNGICIDES 7 

with sodium bicarbonate, add 4-6 grams in excess, and then sufficient 25% ammonium 
ehlorid solution to dissolve the precipitated copper. Dilute somewhat and titrate 
as directed under 3 (C) . A correction must be applied for the amoimt of iodin solu- 
tion necessary to produce a blue color with starch in the presence of copper fusing 
an equivalent weight of copper sulphate) . The corrected number of cc . of the stand- 
ard iodin solution used represents directly the per cent of arsenious oxid (AstOt) 
in the sample. 

Method II. 

8 C. M. Smith Method,* Modified.— Tentative. 

Proceed as directed in 7, using dilute stilphuric acid (1 to 4) instead of dilute 
hydrochloric. The solution in this case may be heated to boiling. 

SODIUM AC8TATB-SOLUBLB ARSBNIOUS OZID.«-TBNTATiyE. 

9 RBAGBNTS. 

(a) Sodium acetate BoltUion.—Prep&re a solution containing 12.5 grams of the 
crystallized salt (CHtCOONa3HtO) in each 25 cc. 
The other reagents are described under 3. 

10 DBTBBMINATION. 

Place 1 gram of the sample in a 100 cc. flask and boil for 5 minutes with 25 co. of 
the sodium acetate. Dilute to the mark, shake, and pass through a dry filter 
pi^r. Titrate an aliquot of this filtrate as directed under 3 (C). Calculate the 
amount of arsenious oxid (AssOt) present and express the result as per cent of 
sodium acetate-soluble arsenious oxid. 

WATBR-SOLUBLB ARSBiaOUS OXID.— TBHTATIVB. 

11 BBAGBNTS. 

Described under 3. 

12 DSTBBMINATION. 

To 1 gram of the sample in a liter Florence flask add 1 liter of recently boiled water 
which has been cooled to exactly 32*C. Stopper the flask and place in a water 
bath kept at 32^0. by means of a thermostat. Digest for 24 hours, lylialfing hourly 
for 8 hours during this period. Filter through a dry filter and titrate 250 co. of the 
filtrate as directed under 3 (C) . Correct for the amount of the standard iodin neces- 
sary to produce the same color, using the same reagents and volume. Calculate 
the amount of arsenious oxid (AssOt) present and express the result as per cent of 
water-soluble arsenious oxid. 

TOTAL COPPER OXID. 

1 3 Electrolytic Method. --Official. 

Treat 2 grams of the sample in a beaker with 100 cc. of water and about 2 grams 
of sodium hydroxid and boil thoroughly until all the copper is precipitated as cu- 
prous oxid. Filter, wash well with hot water, dissolve the precipitate in hot dilute 
nitric acid, cool, transfer to a 250 cc. graduated flask and dilute to the mark. (1) 
Use 50-100 cc. of this solution for the electrol3rtic determination of copper as directed 
under VUI, 33 and calculate to per cent cupric oxid ; or, (2) Electrolyse the aliquot in 
a weighed 150 cc. platinum dish, using a rotating spiral anode and a current of about 
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8 METHODS OF ANALYSIS [Chftp. 

3 amperes. After all the copper is deposited (requiring about 30 minutes), wash 
the deposit with water by siphoning, then rinse with alcohol, dry for a few min- 
utes in an oven, weigh and calculate to per cent cupric oxid. 

14 Tkiosulpkale Method.^— Official. 

Determine copper in another aliquot of the nitric acid solution of copper oxid, 
under 13, by titrating with N/20 thiosulphate solution, as directed under VUI, 29, 
and calculate to per cent cupric oxid. 

LONDON PT7RPLB. 

15 MOISTURB.— TBlfTAtlVB. 
Determined as directed under 2. 

TOTAL ARSBNIOUS OZID.<'-OFFICIAL. 

16 BEAGBNTB. 

Described under 3. 

1 7 DETERMINATION . 

Dissolve 2 grams of the sample in a mixture of about 80 cc. of water and 20 cc. 
of concentrated hydrochloric acid at a temperature of 60*~70^C.; filter and wash 
until the combined filtrate and washings measure 250 cc. Treat 100 co. of this solu- 
tion with sodium bicarbonate in excess, transfer to a 500 cc. volumetric flask and 
make up to the mark, adding a few drops of ether to destroy the bubbles. Mix 
thoroughly and pass through a dry filter. Titrate 250 cc. of the filtrate as directed 
under 3 (C) and calculate the per cent of arsenious oxid. 

TOTAL ARSENIC OXID.'— OFRCIAL. 

18 REAGENTS. 

The reagents and solutions used are described under 3. 

1 9 DETERMINATION . 

Boil, on a hot plate or over a low flame, 2 grams of the sample with 5 ee. of con- 
centrated nitric acid and 20 cc. of concentrated sulphuric acid in a Kjeldahl diges- 
tion flask or a covered casserole. After 10-15 minutes add fuming nitric acid or 
powdered sodium nitrate, in small quantities at a time, until all organic matter 
is destroyed and the solution is practically colorless. Cool, add about 50 cc. of 
water (to decompose any nitro-sulphuric acid formed) and heat again until all 
nitric acid fumes are expelled. Cool, transfer to a 250 cc. volumetric flask, make 
up to the mark with water, mix thoroughly, and filter through a dry filter. 

Transfer 50 cc. of this filtrate to a 400 cc. Erlenmeyer flask, dilute with water 
to 100 cc, add 1 gram of potassium iodid,* heat to boiling and evaporate to about 
40 cc. (not less). Cool, dilute to 150-200 cc, and remove the excess of iodin with 
N/20 sodium thiosulphate. In case the solution is slightly colored from organic 
matter or from any cause other than free iodin, add the thiosulphate until it is nearly 
colorless, then a few drops of the starch indicator, and continue adding the thio- 
sulphate slowly until the blue color just disappears. Continue at once as directed 
under 3 (C) beginning with "neutralize with sodium bicarbonate." Subtract from 
this reading the number of cc. of the standard iodin solution corresponding to the 
arsenious oxid obtained in 1 7. Calculate the per cent of arsenic oxid in the sample. 
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VII] INSECTICIDES AND FUNGICIDES 9 

20 WATBR-^OLUBLB ARSBNIOTTS OXID.— TBNTATIVB. 

Proceed as directed under 12, slightly acidifying the aliquot employed with 
hydrochloric acid before adding the excess of sodium bicarbonate. 

WATBR-SOLUBLB ARSBNIC OXID.— TBIfTATIVB. 

21 RBAGENTS. 

The solutions and reagents used are described under 3. 

22 DBTBBMINATION. 

Transfer an aliquot, 250 cc, of the water extract, from 20, to a casserole, add 5 
cc. of concentrated sulphuric acid, evaporate to a small volume and heat on a hot 
plate till white fumes of sulphuric acid appear. Cover the casserole and add 1-2 
ec. of fimiing nitric acid and again heat till the appearance of white fumes. Cool, 
add a little water and, in order to expel the last traces of nitric acid, once more 
evaporate till white fumes appear. Cool, dilute to about 100 cc. with water, add 
1 gram of potassium iodid* and sufficient sulphuric acid to make the total amount 
present about 5 cc. Boil until the volume is reduced to about 40 cc. Cool, dilute 
to about 200 cc, remove the excess iodin with N/20 sodium thiosulphate and pro- 
ceed as directed under 3 (C) beginning with ''neutralise with sodium bicarbonate." 
Correct for the amount of the standard iodin solution necessary to produce the 
same color, using the same reagents and volume. Subtract from the corrected titra- 
tion reading the number of cc. of the standard iodin solution corresponding to the 
arsenious oxid, obtained in 20. Calculate the per cent of arsenic oxid present. 

LEAD ARSENATE. 

23 MOISTURE.— TBNTATIVB. 

(a) Powder. — ^Dry 2 grams to constant weight at 105^-110^ C. and report the 
loss in weight as moisture. 

(b) Paste, — ^Proceed as under (a), using 50 grams. 

Grind the dry sample to a fine powder, mix well, transfer a small portion to a 
sample bottle and again dry for 1-2 hours at 105®-110*C., and use this anhydrous 
material for the determination of total lead oxid and total arsenic. 

TOTAL LEAD OXID. 

24 Method I.^-^Mcial. 

Heat, on a hot plate, 0.6906 gram of the dry powdered sample with about 25 cc. 
of dilute nitric acid (1 to 4) in a 600 cc. beaker. If necessary, remove any insoluble 
residue by filtration. Dilute to at least 400 cc, heat nearly to boiling, add am- 
monium hydroxid to incipient precipitation, then dilute nitric acid (1 to 10) to re- 
dissolve the precipitate, adding 1-2 cc. in excess. Pipette into this solution, kept 
almost boiling, 50 cc. of a hot 10% potassium chromate solution, stirring constantly. 
Decant while hot through a weighed Gooch, previously heated at 140^-150®C., wash 
several times by decantation and then on the filter with boiling water until the 
washings are colorless. Dry the lead chromate at 140^-150°C. to constant weight. 
The weight of lead chromate multiplied by 100 gives the per cent of lead monoxid 
(PbO) in the dried sample. 

The lead chromate precipitate may contain a small amoimt of lead arsenate which 
causes slightly high results. This error rarely amounts to more than 0.1-0.2%. 
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10 METHODS OF ANALYSIS [Chftp. 

Method IIJ ^—Tentative. 
(Not applicable in the presence of calcium.) 

25 BB AGENT. 

Acidified alcohol, —^ix water 100 parts; 95% alcohol 200 parts; and concentrated 
sulphuric acid 3 parts by volume. 

26 DETERMINATION. 

Heat, on a hot plate, 0.7360 gram of the dry powdered sample with about 25 cc. 
of dilute nitric acid (1 to 4) in a porcelain evaporating dish or casserole. Remove 
any insoluble residue by filtration. Add 3 cc. of concentrated stilphuric acid and 
evaporate on the hot plate to the appearance of white fumes. It is important that 
all nitric acid be expelled. Cool, add 50 cc. of water and about 100 cc. of 95% alco- 
hol, let stand several hours (preferably over-night) and filter through a weighed 
Gooch crucible, previously washed with water, the acidified alcohol and 95% alco- 
hol, and dried at 200''C. Wash the precipitate of lead sulphate in the crucible about 
10 times with the acidified alcohol and then with 95% alcohol until free from sul- 
phuric acid. Dry at 200^C. to constant weight, keeping the crucible covered to pre- 
vent loss by spattering. The weight of the lead sulphate multiplied by 100 gives 
the per cent of lead monoxid (PbO) in the dried sample. 

TOTAL ARSBNIC. 

27 Method I.^-Official. 

Proceed as directed under 5, using an amount of the sample equal to the arsenic 
oxid equivalent of 500 cc. of the standard iodin solution and titrating a 200cc. aliquot 
of the distillate. The number of co. used of the standard iodin solution represents 
directly the total per cent of arsenic in the sample expressed as arsenic oxid (AstOi) . 

Method Il.^^'-Offieial. 
(Not applicable in the presence of antimony.) 

28 BBAGENTS. 

The reagents and solutions used are described under 3. 

29 DETBBMINATION. 

Dissolve an amount of the powdered sample equal to the arsenic oxid equivalent 
of 400 cc. of the standard iodin solution, in dilute nitric acid in a porcelain casserole 
or evaporating dish. Add 5 cc. of concentrated sulphuric acid and heat on the 
hot plate to copious evolution of white fumes. Wash into a 200 cc. graduated flask 
with water, cool, make up to the mark and filter through a dry filter. Transfer 
100 CO. of the filtrate to an Erlenmeyer flask and proceed as directed under 22, 
beginning with "add 1 gram of potassium iodid," to ''Subtract from the corrected 
titration reading." The number of cc. of the standard iodin solution used, divided 
by 2, represents directly the per cent of total arsenic in the sample expressed as 
arsenic oxid (AssOt). 

WATBR-SOLUBLB ARSBNIC OXID.— TBNTATIVB. 

30 REAGENTS. 

The reagents and solutions used are described under 3. 



Digitized by 



Google 



VnJ INSECTICIDES AND FUNGICIDES 11 

.31 DBTBRMINTATION. 

Treat 2 grams of the original sample, if in the form of a powder, or 4 grams, if 
a paste, as directed under 12 through 'Tilter through a dry filter." 

Place 250-i500 cc. of the clear filtrate in an Erlenmeyer flask, add 3 cc. of con- 
centrated sulphuric acid and evaporate on a hot plate. When the volume is re- 
duced to about 100 cc, proceed as directed under 22 to ''Subtract from the cor- 
rected titration reading." Calculate and report as per cent of water-soluble arsenic 
oxid (AssOi). 

CALCIUM ARSENATE. 

32 TOTAL ARSBNlCi-^FnCUL. 

Proceed as directed under 5, using an amoimt of the powdered sample equal 
to the arsenic oxid equivalent of 250 cc. of the standard iodin solution. 

The number of cc. of the standard iodin solution used represents directly the 
total per cent of arsenic in the sample expressed as arsenic oxid (AstOi). 

ZINC ARSENITE. 

33 TOTAL ARSBNICi-OFFICIAL. 

Proceed as directed under 5, using an amount of the powdered sample equal to 
the arsenious oxid equivalent of 500 cc. of the standard iodin solution and titrating 
a 200 CO. aliquot of the distillate. The number of cc. of the standard iodin solution 
used represents directly the per cent of total arsenic in the sample expressed as ar- 
senious oxid (AsiOt). 

34 TOTAL ARSBNIOTTS OXID.— TBNTATIVB. 
Proceed as directed under 7 or 8. 

COPPER CARBONATE. 

35 COPPER OZID.-OFnCIAL. 

Dissolve a weighed quantity of the substance in dilute nitric acid and deter- 
mine copper as directed under 13 or 14. 

BORDEAUX MIXTURE. 
38 MOI8TURS.-OFFICIAL. 

(a) Powder, — ^Dry 2 grams to constant weight at 105M10^C. and express the 
loss in weight as moisture. 

(b) Paste, — ^Heat about 100 grams in an oven at 90-lOO^C. until dry enough to 
powder readily, and note the loss in weight. Powder this partially dried sample, 
and determine the remaining moisture in 2 grams as under (a). Determine car- 
bon dioxid, as directed under 38, both in the original paste and in this partially 
dried sample. Calculate the total moisture by the following formula: 

M = a + (100-a) (b + c) - d in which 

M « per cent total moisture in original paste; 

a » per cent loss in weight of original paste during first drying; 

b « per cent loss in weight of partially dried paste during second drying; 

c « per cent carbon dioxid remaining in partially dried paste after first 

drying; 

d » per cent total carbon dioxid in original paste. 
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CARBON DIOXID.u~OFVIClAL. 

37 APPABATU8. 

This consists of a 200 cc. Erienmeyerfiask closed with a 2-holed stopper; one of 
these holes is fitted with a dropping funnel the stem of which extends almost to the 
bottom of the fiask; the outlet of a condenser, which is inclined upward at an angle 
of 30® from the horizontal, passes downward through the other hole. The upper 
end of the condenser is connected with a calcium chlorid tube which in turn is 
connected with a double U-tube filled in the middle with pumice fragments, pre- 
viously saturated with copper sulphate solution and subsequently dehydrated, 
and with calcium chlorid at either end. Then follow 2 weighed U-tubes for absorb- 
ing the carbon dioxid, the first filled with porous soda-lime, and the second, one 
third with soda-lime and two thirds with calcium chlorid, the latter reagent being 
placed at the exit end of the train. A Geissler bulb, partly filled with sulphuric 
acid, is attached to the last U-tube to show the rate of gas flow. An aspirator is 
connected with the Geissler bulb to draw air through the apparatus. An absorp- 
tion tower filled with soda-lime is connected with the mouth of the dropping funnel 
to remove carbon dioxid from the air entering the apparatus. 

38 DETERMINATION. 

Weigh 2 grams of the powder or 10 grams of the paste into the Erlenmeyer flask, 
add about 20 cc. of water, attach the flask to the apparatus omitting the 2 weighed 
U-tubes, and draw carbon dioxid-free air through the apparatus until the original 
air is displaced. Then attach the weighed U-tubes in the position as described in 37, 
close the stop-cock of the dropping funnel, fill half full with dilute hydrochloric 
acid (1 to 1), reconnect with the soda-lime tower, and allow the acid to flow into 
the Erlenmeyer flask, slowly if there is much carbon dioxid, rapidly if there is 
little. When effervescence diminishes, place a low Bunsen flame imder the flask and 
start a flow of water through the condenser, a slow current of air being allowed to 
flow through the apparatus at the same time. Maintain a steady but quiet ebulli- 
tion, and a slow air current through the apparatus. Boil for a few minutes after 
the water has begun to condense in the condenser, then remove the flame and con- 
tinue the aspiration of air at the rate of about 2 bubbles per second until the 
apparatus is cool. Disconnect the tared absorption tubes, cool in the balance case 
and weigh. The increase in weight is due to carbon dioxid. 

COPPER. 

39 Electrolytic Method, — Official, 

Dissolve 2 grams of the dry powdered sample in 20 cc. of water and 5 cc. of con- 
centrated nitric acid, dilute to 100 cc, wash into a weighed 150 cc. platinum dish, 
and electrolyze, using a rotating spiral anode and a current of about 3 amperes. 
After all the copper is deposited .requiring about 30 minutes), wash the deposit 
with water by siphoning, then rinse with alcohol, dry for a few minutes in an oven, 
and weigh. Calculate the per cent of copper in the sample. 

40 ThiosvXphate Method, — Official. 

Dissolve 2 grams of the dry powdered sample in about 50 cc. of 10% nitric acid, 
add anmionium hydroxid solution in excess and heat; then, without removing the 
precipitate which is formed, boil off the excess of ammonia, add 5-10 cc. of acetic 
acid, cool, add 10 cc. of 30% potassium iodid solution, and titrate as directed under 

vm,29. 
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BORDEAUX MIXTURE WITH PARIS GREEN. 

41 MOISTnKB.-OFnCIAL. 
Proceed as directed under 36. 

42 CASBOn DIOZm.-OFVICIAL. 
Proceed as directed under 38. 

COPFBR. 

43 Method I. —Tentative. 

Dissolve 2 grams of the dry powdered sample in a few cc. of strong nitric acid, 
add 25 cc. of a 3% solution of hydrogen peroxid and warm for 5-10 minutes. Make 
slightly alkaline with ammonium hydroxid and then slightly acid again with dilute 
nitric acid. Transfer to a weighed 150 cc. platinum dish, add 15-20 co. of hydrogen 
peroxid, dilute to 100 cc. and electrolyse, using a rotating spiral aAode and a cur- 
rent not exceeding 2 amperes. After the electrolysis has proceeded for about 20 
minutes, add to the electrolyte 0.5 gram of ferric sulphate dissolved in a few cc. 
of water together with a drop or two of nitric acid . After all the copper is deposited, 
wash the deposit with water by siphoning, then rinse with alcohol, dry for a few 
minutes in an oven, weigh and calculate the per cent of copper. (Do not pass the 
current for more than 5-10 minutes after all the copper has been deposited without 
adding more ferric sulphate solution.) 

44 Method II r-Tentative, 

Treat 1 gram of the dry powdered sample with 20 cc. of water and 5-6 cc. of con- 
centrated nitric acid, heat to boiling, cool, and add a slight excess of concentrated 
ammonium hydroxid. Wash the solution and precipitate into a weighed platinum 
dish of about 150 cc. capacity, and electrolyse, using a rotating anode and a cur- 
rent of about 4 amperes and 3-4 volts for about 90 minutes (or until all the copper 
is deposited) . Wash the deposit by siphoning until the deposit is clean, being care- 
ful not to use too much wash water. Dissolve the copper in 5 cc. of concentrated 
nitric acid, dilute to 100 cc. and electrolyse as before, except that all the copper 
will be deposited in 30 minutes. Wash the deposit with water by siphoning, then 
rinse with alcohol, dry for a minute or so in an oven, weigh and calculate the per 
cent of copper. 

45 TOTAL ARSBNIC.t-OFFECIAL. 

Proceed as directed under 5, using an amount of the dry powdered sample equal 
to the arsenious oxid equivalent of 500 cc . of the standard iodin solution. The num- 
ber of cc. of the standard iodin solution used, divided by 2, represents directly the 
per cent of total arsenic in the sample expressed as arsenious oxid (AstOt). 

TOTAL ARSENIOUS OXID. 

46 Method I.— Tentative . 

Proceed as directed under 7, using an amoimt of the dry, powdered sample equal 
to the arsenious oxid equivalent of 200 cc. of the standard iodin solution. Before 
titrating, all the copper must be in solution. The corrected number of cc. of the 
standard iodin solution used, divided by 2, represents directly the per cent of total 
arsenious oxid (AssOs) in the sample. 
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47 Method II. —Tentative. 
Proceed as directed under 8. 

48 WATBR-SOLUBLB ARSBNIOUS OXID.— TBNTATIVB. 
Proceed as directed under 20, using 2 grams of the sample. 

BORDEAUX MIXTURE WITH LEAD ARSENATE. 

49 MOISTUSB.-OFVICIAL. 
Proceed as directed under 36. 

50 CARBON DIOZID.-OFFECIAL. 
Proceed as directed under 38. 

51 COPPBR.— TBHTATiyE. 

Proceed as directed under 44. 

52 LBAD OXm.t-TBNTATiyE. 

Dissolve the lead peroxid (which will contain a little arsenic) from the anodes 
used in the copper electrol3nsi8, under 51 , by means of dilute nitric acid and a little 
hydrogen peroxid, and add to this solution the washings from both electrolyses 
of copper. Add anmionium chlorid to dissolve any lead sulphate which may have 
precipitated out and make the solution up to 1 liter. Concentrate a 500 cc. aliquot 
of this solution to about 300 cc. (all hydrogen peroxid must be expelled from the 
solution), transfer to a 400 cc. beaker and precipitate the lead as lead ohromate 
as directed under 24. 

53 TOTAL ARSBiaC.>— OFFICIAL. 

Proceed as directed under 5, using an amount of the dry, powdered sample equal 
to the arsenic oxid equivalent of 500 cc. of the standard iodin solution. The num- 
ber of cc. of the standard iodin solution used, divided by 2, represents directly the 
per cent of total arsenic in the sample expressed as arsenic oxid (AstOi). 

54 WATBR-SOLUBLB ARSBIHC OXID.—TBIfTAIIVB. 

Proceed as directed under 31 . 

SODIUM AND POTASSIUM CTANIDS. 

55 CTANOGBir.u~OFFICIAL. 

Weigh about 10 grams of the sample in a weighing bottle, dissolve in water, and 
make up to volume in a liter graduated flask. To a 50 cc. aliquot add N/20 silver 
nitrate, drop by drop, stirring constantly, until 1 drop produces a permanent tur- 
bidity. In calculating the results, 1 equivalent of silver is equal to 2 equivalents 
of cyanogen, according to the following equation: 

2NaCN + AgNO, = NaCNAgCN + NaNO, 

Reserve the titrated solution for the determination of chlorin imder 56. 
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56 CHLORIN.ii-OFFECIAL. 

After completion of the titration for cyanogen, as directed under 55, add a few 
CO. of 10% potassium chromate solution as indicator and titrate with N/20 silver 
nitrate until the appearance of the red-brown color of silver chromate. 

The first titration with silver nitrate represents the cyanogen present according 
to the equation above. The second titration represents the cyanogen and chlorin 
according to the following equation: NaCNAgCN + NaCl + 2AgNOs = 2NaN0i + 
2AgCN + AgCl . Therefore the second minus the first reading represents the chlorin 
present in terms of silver nitrate. 

SOAP. 
MOISTURE. 
67 Modified Method of Benedickt and Lewkomtsch.^^— Tentative. 

Weigh about 5 grams of the sample in a tared, 100 cc. beaker, in which is pre- 
viously placed a i inch layer of recently ignited, dry sand, and a small glass rod; 
if the soap is hard, cut off the soap in very thin strips. Add 25 cc. of alcohol, 
or more if necessary, and dissolve on the water bath, stirring constantly. Evapo- 
rate the alcohol, heat in an oven at llO^C. until the soap is nearly dry, and weigh, 
then dry again for 30 minutes and weigh. Continue this alternate drying and 
weighing until the weight changes only a few milligrams during the course of 30 
minutes' dr3dng. 

58 POTASSIUM AND SODIUM.><-TBnTATIVB. 

Dissolve about 5 grams of the soap in water; decompose with hydrochloric acid, 
filter off the water and wash the fat with cold water. Determine both potassium 
and sodium in the filtrate as directed under 11, 21 . 

SODA LTE. 

59 CASBORATB AND HTDROZID.t7--OFVICIAL. 

Weigh about 10 grams of the sample from the weighing bottle, dissolve in car- 
bon dioxid-free water and make up to a definite volume. Titrate an aliquot of this 
solution with N/2 hydrochloric acid, using methyl orange as an indicator, and note 
the total alkalinity thus found. Transfer an equal aliquot to a graduated flask 
and add enough barium chlorid solution to precipitate all the carbonate, avoiding 
any unnecessary excess. Dilute to the mark with carbon dioxid-free water, stopper, 
shake, and set aside. When the liquid becomes clear, pipette off one half and ti- 
trate with N/2 hydrochloric acid, using phenolphthalein as an indicator. The 
number of cc. of N/2 acid, required for this titration, multiplied by 2 gives the num- 
ber of cc. of N/2 acid required to neutralize the sodium hydroxid present in the 
original aliquot. The difference between this figure and the number of cc. of N/2 
hydrochloric acid required for the total akalinity represents the number of cc. of 
N/2 acid required to neutralize the sodium carbonate present in the aliquot. Cal- 
culate the percentages of sodium carbonate and hydroxid present in the sample. 

TOBACCO AND TOBACCO EXTRACT. 
NICOTHI. 

Kissling Method, —Official, 

60 RBAGBNTS. 

(a) Alcoholic sodium hydroxid solution, — ^Dissolve 6 grams of sodium hydroxid 
in 40 cc. of water and 60 cc. of 90% alcohol. 
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(b) 04% sodium hydroxid solution. 

(C) N/10 sulphuric add, — One cc. is equivalent to 16.22 mg. of nicotin. 

(d) Phenacetolin solution, — Prepare a 0.5% alcoholic solution. 

(e) Cochineal solution, — ^Prepare as directed under I, 16 (k). 

61 DBTBBUINATION. 

Weigh 5-6 grams of tobacco extract, or 20 grams of finely powdered tobacco 
which has been previously dried at 60^0. if necessary, into a small beaker. Add 
10 cc. of the alcoholic sodium hydroxid and follow, in the case of tobacco extract, 
with enough pure powdered calcium carbonate to form a moist but not limipy mass. 
Mix thoroughly, transfer to a Soxhlet extractor and exhaust for about 5 hours with 
ether. Evaporate the ether at a low temperature, and take up the residue with 50 
cc. of the 0.4% sodium hydroxid solution. Transfer this residue by means of water 
to a 500 cc. Kjeldahl flask, and distil with steam, passing the distillate through a 
condenser cooled by a rapidly flowing current of water. Use a 3-bend outflow tube, 
and, to prevent bumping and frothing, add a few pieces of pumice, and a small piece 
of paraffin. Distil till all the nicotin has passed over, the distillate usually varying 
from 400-500 cc. When completed, only about 15 cc. of the liquid should remain in 
the flask. Titrate the distillate with N/10 sulphuric acid, using the phenacetolin 
or cochineal solution as indicator. 

Silicotungstic Acid Method,^^ — Official. 

62 BE AGENTS. 

(a) Silicotungstic add solution. — ^Prepare a 12% solution of the silicotungstie 
acid having the following formula: 4HtO.SiOt.l2WOt.22HsO. 

(b) Sodium or potasdvm hydroxid solution {1 to t), 
(C) Dilute hydrochloric add (1 to 4). 

63 DETEBMINATION. 

Weigh such an amount of the preparation as will contain preferably between 0.1 
and 1.0 gram of nicotin (if the sample contains very little nicotin, about 0.1%, do 
not increase the amount to the point where it interferes with the distillation) ; wash 
with water into a500cc. round-bottomed distillation flask; add a little paraffin to pre- 
vent frothing, a few small pieces of pumice and a slight excess of the sodium or 
potassium hydroxid, using phenolphthalein as an indicator. Distil rapidly in a 
current of steam through a well-cooled condenser, connected by means of an adapter 
with a suitable flask containing 10 cc. of the dilute hydrochloric acid. When distil- 
lation is well under way, heat the distillation flask to reduce the volume of the liquid 
as far as practicable without bumping or undue separation of insoluble matter. Dis- 
til until a few cc. of the distillate show no cloud or opalescence when treated with a 
drop of the silicotungstic acid and a drop of the dilute hydrochloric acid. Confirm 
the alkalinity of the residue in the distillation flask with phenolphthalein solution. 
Make up the distillate, which may amount to 1000-1500 cc, to a convenient volume (the 
solution may be concentrated on the steam bath without loss of nicotin), mix well 
and pass through a large dry filter if not clear. Test a portion with methyl orange 
to assure its acidity. Pipette an aliquot, containing about 0.1 gram of nicotin, into 
a beaker (if the samples contain very small amounts of nicotin, an aliquot contain- 
ing as little as 0.01 gram of nicotin may be used), add to each 100 cc. of liquid 3 cc. 
of the dilute hydrochloric acid, or more if the necessity is indicated by the test with 
methyl orange, and add 1 cc. of the silicotungstic acid for each 0.01 gram of nico- 
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tin supposed to be present. Stir thoroughly and let stand overnight. Before filter- 
ing, stir the precipitate to see that it settles quickly and is in crystalline form; then 
filter on an ashless filter paper, and wash with cold dilute hydrochloric acid (1 to 
1000). Transfer the paper and precipitate to a weighed platinum crucible, dry 
carefully, and ignite until all carbon is destroyed. Finally heat over a Teclu or 
Meker burner for not more than 10 minutes. The weight of the residue multiplied 
by 0.114 gives the weight of nicotin present in the aliquot. 

FORMALDEHYDE SOLUTIONS. 
FORXALDBHTDB. 

Hydrogen Peroxid Method ^^—Official. 

64 BEAGBNTS. 

(a) N/1 eulphurie acid, 

(b) N/1 eodium hydroxide — One cc. b equivalent to 30.02 mg. of formaldehyde. 
(C) Hydrogen peroxid, — An approximately 3% solution. If the hydrogen per- 
oxid solution is acid, neutralize with (b), using litmus solution as indicator. 

(d) Litmue solution. — ^A solution of purified litmus. 

85 DBTBBMINATION. 

Measure 50 cc. of N/1 sodium hydroxid into a 500 cc. Erlenmeyer flask and add 
50 cc. of the hydrogen peroxid. Then add 3 grams of the formaldehyde solution un- 
der examination, allowing the point of the pipette to reach nearly to the liquid in the 
flask. Place a funnel in the neck of the flask and heat on the steam bath for 5 min- 
utes, shaking occasionally. Remove from the steam bath, wash the funnel with 
water, cool the flask to about room temperature, and titrate with N/1 acid, using 
the litmus solution as indicator. It is necessary to cool the flask before titration 
with the acid to get a sharp end point with the litmus. Calculate the per cent of 
formaldehyde. 

Cyantd Method.*'^— Official. 

66 RBAGBNTS, 

(a) N/10 silver nitraU. 

(b) N/10 ammonium sulphocyanaie. 

(C) Potassium eyanid solution. — ^Dissolve 3.1 grams of potassium oyanid in 500 
cc. of water. 

(d) S0% nitric add, 

67 DBTBBMINATION. 

Treat 15 cc. of the N/10 silver nitrate with 6 drops of the 50% nitric acid in a 
50 cc. volumetric flask; add 10 cc. of the potassium eyanid solution, dilute to the 
mark, shake well, filter through a dry filter and titrate 25 cc. of the filtrate with 
N/10 ammonium sulphocyanate as directed under m, 15. Acidify another 15 cc. 
portion of the N/10 silver nitrate with 6 drops of the 50% nitric acid and treat with 
10 cc. of the potassium eyanid solution to which has been added a measured quan- 
tity (the weight of which must be calculated from the specific gravity) of the for- 
maddehyde solution containing not over 2.5 grams of a 1% solution or the equiva- 
lent. Make up to 50 cc, filter and titrate a 25 cc. aliquot with the N/10 ammonium 
sulphocyanate for the excess of silver as before. The difference between the num- 
ber of cc. of N/10 ammonium sulphocyanate used in these 2 titrations, multiplied 
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by 2, gives the number of cc. of N/10 ammonium sulphocyanate corresponding to 
the potassium cyanid used by the formaldehyde. Calculate the per cent of for- 
maldehyde present (1 cc. of N/10 ammonium sulphocyanate b equivalent to 3 mg. of 
formaldehyde (HCHO)). 

LME-SULPHUR SOLUTIONS « 
TOTAL SULPHUR.-OFFICIAL. 

68 PRBPABATION OF SOLX7TION. 

Weigh 10 grams of the solution and dilute to the mark in a 250 cc. graduated 
flask with recently boiled and cooled water. 

69 DBTEBMINATZON. 

Transfer a 10 cc. aliquot to a 400 cc. beaker, add about 3 grams of sodium peroxid, 
cover immediately with a watch glass and warm on the steam bath, with frequent 
shaking, imtil all the sulphur is oxidized to sulphate, adding more sodium peroxid 
if necessary. Dilute, acidify with hydrochloric acid, evaporate to dryness, treat 
with water acidified with hydrochloric acid, boil, and filter to remove silica, if pres- 
ent. Dilute the filtrate to 300 cc, add 50 cc. of concentrated hydrochloric acid,** 
heat to boiling, and precipitate with 10% bariimi chlorid solution slowly and stir- 
ring constantly. (The rate is best regulated by attaching a suitable capillary tip 
to the burette containing the barium chlorid solution.) Evaporate to dryness on 
the steam bath, take up with hot water, filter through a quantitative filter paper, 
wash until free from chlorin, ignite and heat to constant weight over a Bunsen 
burner. Calculate the sulphur from the weight of barium sulphate. Previous to 
use test the reagents for sulphur and, if present, make corrections accordingly. 

SULPHID SULPHUIL—OFFICIAL. 

70 BBAOBNT. 

Ammoniaccd zinc soltUion, — Dissolve 50 grams of pure zinc chlorid in water, add 
ammonium hydroxid in sufficient quantity to redissolve the precipitate first formed, 
then add 50 grams of ammonium chlorid*' and dilute to 1 liter. 

71 DETEBMINATION. 

Dilute 10 cc. of the solution, prepared as directed under 68, to about 100 cc. and 
add the ammoniacal zinc solution until the sulphid is all precipitated, indicated by 
the addition of a drop of the clear solution to a few drops of nickel sulphate solution. 
Filter immediately, wash the precipitate thoroughly with cold water and transfer 
it and the filter paper to a beaker. Cover with water, disintegrate with a glass rod 
and add about 3 grams of sodium peroxid, keeping the beaker well covered with a 
watch glass. Warm on the steam bath with frequent shaking until all the sulphur 
is oxidized to sulphate, adding more sodium peroxid if necessary. Make slightly 
acid with hydrochloric acid, filter to remove shreds of filter paper, wash thoroughly 
with hot water, and determine the sulphur in the filtrate exactly as under 69. 

72 THIOSnLPHATB SULPHUR.—OFFICIAL. 

Dilute 50 cc. of the solution, prepared as under 68, to about 100 cc. in a 200 cc. 
graduated flask. Add a slight excess of the ammoniacal zinc chlorid and dilute to 
the mark. Shake thoroughly and filter through a dry filter. To 100 cc. of the fil- 
trate add a few drops of methyl orange and exactly neutralize with N/10 hydrochloric 
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acid. Titrate this neutral solution with approximately N/20 iodin, 3 (C), using a 
few drops of starch solution as indicator. From the number of cc. of iodin solu- 
tion used, calculate the thiosulphate sulphur present. 

73 SULPHATE SULPHUR.— OFVICIAXf. 

To the solution from the determination in 72, add 2 or 3 drops of hydrochloric 
acid, precipitate in the cold with 10% barium chlorid solution, allow to stand over- 
night, filter, calculate the sulphur from the weight of barium sulphate and report 
as sulphate sulphur. 

74 TOTAL LIMB.-OFnCIAL. 

To 25 cc. of the solution, prepared as under 68, add 10 cc. of concentrated hydro- 
chloric acid, evaporate to dryness on the steam bath, treat with water and a little 
hydrochloric acid, warm until all the calcium chlorid is dissolved, and filter from sul- 
phur and any silica that may be present. Oxidize the filtrate by boiling with a 
little concentrated nitric acid, make ammoniacal, filter from iron and aluminium 
if present, heat to boiling and precipitate the calcium with ammonium oxalate so- 
lution. Filter, wash and ignite over a blast lamp to constant weight; weigh the 
residue as calcium oxid. 
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Vm. FOODS AND FEEDING STDFFS. 

1 PBBPASATIOK OF SA]IFLB.-OFnGIAL. 

Grind the sample so that it will pass through a sieve having circular openings 
A iuch (1 mm.) in diameter. If the sample can not be ground, reduce it to as fine a 
state as possible. 

XOISTDKS. 

2 Direct Drying.— OfficiaL 

Dry a quantity of the substance, representing about 2 grams of dry material, 
in a current of dry hydrogen or in vacuo at the temperature of boiling water to 
constant weight (approximately 5 hours). If the substance be held in a glass vessel, 
the latter should not be in contact with the boiling water. 

3 Drying in Vactto wiihotU Heat. — Tentative^ 

Mix the sample thoroughly and weigh by difference 2-6 gram portions from a 
stoppered weighing bottle into tared, covered crucibles. Where subsequent fat 
determinations are to be made, fat extraction cones may be used. Substances that 
dry down to horn-like material should be mixed with fat-free cotton or other suit- 
able material (previously tared with the container). Place 200 cc. of fresh concen- 
trated sulphuric acid in a strong, tight 6 inch vacuum desiccator. Put triplicate 
samples in separate desiccators, and exhaust by means of a vacuum pump. If a 
pump is not available, place 10 cc. of ether in a small beaker in the desiccator, and 
exhaust with a water filter pump. 

Between the pump and the desiccator interpose an empty bottle, next to the 
desiccator, and a bottle of water. Draw the air from the desiccator throueh the 
water and turn the desiccator stop-cock at just the instant when the water Begins 
to rise in the tube leading from the empty bottle. 

Ciently rotate the desiccator 4 or 6 times during the first 12 hours to mix the sul- 
phuric acid with the water which has collected as an upper layer. At the end of 24 
hours open the desiccator, forcing the incoming air to bubble through concentrated 
sulphuric acid, and make the first weighing. After weighing place in a desiccator 
containing fresh concentrated sulphuric acid and exhaust as before. Rotate the 
desiccator several times during the interval and weigh again after a suitable period 
of drying. Repeat this process of drying in vacuo over sulphuric acid until the 
weight is constant. 

4 A8H.-OFnCIAL. 

Char a quantity of the substance, representing about 2 grams of the dry material, 
and bum until free from carbon at a low heat, not to exceed dull redness. If a 
carbon-free ash can not be obtained in this manner, exhaust the charred mass with 
hot water, collect the insoluble residue on a filter, burn till the ash is white or nearly 
so, and then add the filtrate to the ash and evaporate to dryness. Heat to low 
redness till the ash is white or grayish white and weigh. 

21 
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22 METHODS OF ANALYSIS [ChMp. 

5 CRUDE PROTEHf .— OFVICIAL. 

Determine nitrogen as directed under 1, 18, 21, or 23, and multiply the result by 
6.25. 

ALBUMINOID NITROGBN.— OFFICIAL. 

6 REAGENT. 

SttUzer's reagent, — Prepare cupric hydroxid as follows: Dissolve 100 grams of pure 
copper sulphate in 5 liters of water, add 2.5 cc. of glycerol, and then dilute sodium 
hydroxid solution until the liquid is just alkaline; filter, rub the precipitate up with 
water containing 5 cc. of glycerol per liter, and wash by decantation or filtration 
until the washings are no longer alkaline. Rub the precipitate up again in a mortar 
with water containing 10% of glycerol, thus preparing a uniform gelatinous mass 
that can be measured with a pipette. Determine the quantity of copper hydroxid 
per cc. of this mixture. 

7 DBTEBIONATION. 

Place 0.7 gram of the substance in a beaker, add 100 cc. of water, and heat to 
boiling; or, in case of substances rich in starch, heat on the water bath for 10 minutes; 
add a quantity of the Stutser's reagent containing about 0.5 gram of the hydroxid; 
stir thoroughly, filter when cold, wash with cold water, and, without removing the 
precipitate from the filter, determine the nitrogen according to I, 18, 21 or 23, 
adding sufficient potassium sulphid solution to completely precipitate all of the 
copper and mercury. The filter paper used must be practically free from nitrogen. 
If the material (such as seeds, seed residue, or oil cake) is rich in alkaline phos- 
phates, add, to decompose the alkaline phosphates, 1-2 cc. of a concentrated potash 
or soda alum solution, free from ammonia, then the copper hydroxid, and mix well 
by stirring. If this is not done, copper phosphate and free alkali may be formed, 
and the protein-copper precipitate partially dissolved in the alkaline liquid. 

8 AMIDO NITROGBir.-OFnCIAL. 

Subtract the amount of albuminoid nitrogen from the amount of total nitrogen 
to 6btain the amido nitrogen. 

CRUDB FAT OR BTHBR BXTRACT. 

Direct Method.-Official. 

9 REAGENT. 

Anhydrous ether, — ^Wash any of the commercial brands of ether with 2 or 3 suc- 
cessive portions of water, add solid sodium or potassium hydroxid, and let stand 
until most of the water has been abstracted from the ether. Decant into a dry 
bottle, add small pieces of carefully cleaned metallic sodium, and let stand until 
there is no further evolution of hydrogen gas. Keep the ether, thus dehydrated, 
over metallic sodium in lightly stoppered bottles. 

10 DETERMINATION. 

Large quantities of soluble carbohydrates may interfere with the complete ex- 
traction of the fat. In such cases extract with water before proceeding with the 
determination. Extract about 2 grams of material, dried as under 2 or 3, with the 
anhydrous ether for 16 hours. Dry the extract at the temperature of boiling water 
for 30 minutes, cool in a desiccator, and weigh; continue, at 30 minutes intervals, 
this alternate drying and weighing to constant weight. For most feeds a period 
of l-lj hours is required. 
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Vm] FOODS AND FEEDING STUFFS 23 

11 IndiTect Meihod.'-Officidl. 

Determine the xnoiBture, as directed in 2 or 3, then extract the dried substance 
for 16 hours as directed under 10, dry again and regard the loss of weight as ether 
extract. 

Sucrose. 

OPTICAL METHODS. 

12 OBNBRAL DIRSCnONS FOR RAW SUGARS.— TENTATIVE. 

(Rules^ of the International Commission for Unifying Methods of Sugar Analysis.) 

"In general all polarizations are to be made at 20°C." 

"The verification of the saccharimeter must also be made at 20°C. For instru- 
ments using the Ventzke scale 26 grams of pure dry sucrose, weighed in air with 
brass weights, dissolved in 100 metric cc. at 20**C. and polarized in a room, the tem- 
perature of which is also 20®C., must give a saccharimeter reading of exactly 100.00. 
The temperature of the sugar solution during polarization must be kept constant 
at 20*C." 

"For countries where the mean temperature is higher than 20''C., saccharimeters 
may be adjusted at 30^C. or any other suitable temperature, under the conditions 
specified above, provided that the sugar solution be made up to volume and polarized 
at this same temperature." 

"In effecting the polarization of substances containing sugar employ only half- 
shade instruments." The saccharimeter used can be either single or double wedge 
and should be a half -shadow instrument with either double or triple field. 

"During the observation keep the apparatus in a fixed position and so far removed 
from the source of light that the polarizing Nicol is not warmed." 

"As sources of light employ lamps which give a strong illumination such as 
triple gas burner with metallic cylinder, lens and reflector; gas lamps with Auer 
(Welsbach) burner; electric lamp; petroleum duplex lamp; sodium light." When- 
ever there is any irregularity in the sources of light such as that due to the convolu- 
tions of the filament in the case of electric light or to the meshes of the gauze in the 
case of the Welsbach light, place a thin ground-glass plate between the source of 
light and the polariscope so as to render the illumination uniform. 

"Before and after each set of observations the chemist must satisfy himself of the 
correct adjustment of his saccharimeter by means of standardized quartz plates. 
He must also previously satisfy himself of the accuracy of his weights, polarization 
flasks, observation tubes and cover-glasses. (Scratched cover-glasses must not be 
used.) Make several readings and take the mean thereof, but no one reading may 
be neglected." Such plates are standardized to read to the second decimal point 
and by their use a quick and at the same time accurate test can be made. In using 
such plates for testing saccharimeters, it is necessary that the instrument, as well as the 
plate, be at 20^C. before making a reading. Different points of the scale, preferably 
20**, SO**, SO"", and 100"*, (sugar scale) should be tested against the plates. 

"In making a polarization use the whole normal weight for 100 cc. or a multiple 
thereof for any corresponding volume." 

"As clarifying and decolorizing agents use either basic acetate of lead, alumina 
cream, or concentrated solution of alum. Boneblack and decolorizing powders are 
to be excluded." Whenever reducing sugars are determined in the solution for po- 
larizing, use only neutral lead acetate for clarification as basic lead acetate causes 
precipitation of some of the reducing sugars. In addition to these clarifying agents. 
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24 METHODS OP ANALYSIS [Chap. 

neutral lead acetate and basic lead nitrate (Herles' solution) have been made official 
by the Association. 

"After bringing the solution exactly to the mark at the proper temperature, and 
after wiping out the neck of the flask with filter paper, pour all of the well-shaken 
clarified sugar solution on a rapidly acting filter. Reject the first portions of the 
filtrate, and use the rest, which must be perfectly clear, for polarization." It is 
advisable to reject the first 20 cc. that run through, then cover the funnel with a 
watch glass and use the remainder for polarization. In no case should the whole 
solution or any part be returned to the filter. If cloudy after the 20 cc. have been 
rejected, begin a new determination. 

"Whenever white light is used in polarimetric determinations, the same must be 
filtered through a solution of potassium dichromate of such a concentration that the 
percentage content of the solution multiplied by the length of the column of the solu- 
tion in centimeters is equal to nine." This concentration must be doubled in 
reading carbohydrate materials of high rotation dispersion, such as commercial 
glucose, etc. 

13 PREPARATION AND USB OF CLARimNO RSAOBNTS.— TBNTATIVB. 

(a) Basic lead acetate solution. — ^Boil 430 grams of neutral lead acetate, 130 grams 
of litharge, and 1 liter of water for 30 minutes. Allow the mixture to cool and settle 
and dilute the supernatant liquid to a specific gravity of 1.25 with recently boiled 
water. Solid basic lead acetate may be substituted for the normal salt and litharge 
in the preparation of the solution. 

(b) Alumitui cream, — Prepare a cold saturated solution of alum in water. Add 
ammoniiun hydroxid with constant stirring until the solution is alkaline to litmus, 
allow the precipitate to settle and wash by decantation with water until the wash 
water gives only a slight test for sulphates with barium chlorid solution. Pour ofif 
the excess of water and store the residual cream in a stoppered bottle. 

(C) Dry basic lead acetate {Home method),— Thia clarifying agent is obtained as 
a dry powdered salt and should contain 72.8% of lead, which corresponds to a com- 
position of 3Pb(CsH|Os)s2PbO. Dissolve the normal or half-normal weight of the 
sugar solution in a flask with water and complete the volimie. Add a small quantity 
of the dry salt and shake, then add more and shake again, repeating until completely 
precipitated but avoiding any excess. Of this salt 0.1346 gram is equivalent to 1 cc. 
of the basic lead acetate solution, described under (a) . When molasses or any other 
substance producing a heavy precipitate is being clarified, some dry, coarse sand 
should be added to break up the balls of basic lead acetate and the precipitate. 
(This method is to have equal weight with the use of a solution of basic lead acetate 
in clarifying cane, sorghum, and beet products.) 

(d) Neutral lead acetate. — Prepare a saturated solution of neutral lead acetate and 
add it to the sugar solution before completing to volume. Its use is imperative when 
determining the reducing sugars in the solution used for polarization. 

(e) Basic lead nitrate {Herles* solution).— (1) Dissolve 260 grams of lead nitrate 
in water and make up to 500 cc. (2) Dissolve 25 grams of sodium hydroxid in water 
and make up to 500 cc. 

Add equal amounts of (1) and (2) to the sugar solution, shake, and add more if 
complete precipitation has not occurred, but avoid any excess. Then complete 
the volume with water. When this solution is used for clarification, the factor in the 
Clerget determination becomes 143.5 instead of 142.66. 
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DBTBRMnrAHOir OF SUCROSE IK THB ABSBICCB OF RAFFINOSB. 

(In the presence of much levulose, as in honeys and fruits products, the optical 
method for sucrose gives too high a result.) 

14 By Polarization Before and After Inversion with Hydrochloric Acid. — Official. 

Dissolve the normal weight (26 grams) of the substance in water, add basic lead 
acetate carefully, avoiding any excess, then 1-2 cc. of alumina cream, shake, and 
dilute to 100 metric cc, filter, rejecting the first 20 cc. of the filtrate, cover the 
filter with^ a watch glass and, when sufficient filtrate is collected, polarize in a 200 
mm. tube. The reading so obtained is the direct reading (P of formula given be- 
low) or polarization before inversion. For the invert reading, remove the lead from 
the solution either (1) by adding anhydrous potassium oxalate, a little at a time, 
to the remaining solution, avoiding an excess and removing the precipitated lead 
by filtration; or, (2) by adding anhydrous sodium carbonate under the same con- 
ditions. Introduce 50 cc. of the lead-free filtrate into a 100 cc. flask (if sodium 
carbonate was used for removing the lead, neutralize carefully the excess of sodium 
carbonate with a few drops of dilute hydrochloric acid) and add 25 cc. of water. 
Then add, little by little, while rotating the flask, 5 cc. of hydrochloric acid, (sp.gr. 
1.20). Heat the flask after mixing, in a water bath kept at TO'^C. The temperature 
of the solution in the flask should reach 67"-09**C. in 2}-^ minutes. Maintain a 
temperature of as nearly OO'^C. as possible for 7-7i minutes, making the total time 
of heating 10 minutes. Remove the flask and cool the contents rapidly to 20°C. 
and dilute to 100 cc. Polarize this solution in a tube provided with a lateral branch 
and a water jacket, maintaining a temperature of 20*^0. This reading must be 
multiplied by 2 to obtain the invert reading. If it is necessary to work at a tem- 
perature other than 20**C., which is allowable within narrow limits, the volumes 
must be completed and both direct and invert polarizations must be made at exactly 
the same temperature. 

The inversion may also be accomplished as follows: (1) To 50 cc. of the clarified 
solution, freed from lead, add 5 cc. of hydrochloric acid (sp. gr. 1.20) and set aside 
for 24 hours at a temperature not below 20®C.; or ,(2) If the temperature be above 
25''C. set aside for 10 hours. Make up to 100 cc. at 20**C. and polarize as directed 
above. 

Calculate sucrose by one of the following formulas: 

For stibstances in which the invert solution contains more thanli grams of invert 
sugar per 100 cc. — The following formula is to be used when substances like raw 
sugars are polarized: 

S.^'«><P-I) in which 
T 
142.66 - - 

S » per cent of sucrose; 

P -" direct reading normal solution; 

I -" invert reading normal solution; 

T a temperature at which readings are made. 
For substances in which the concentration of the invert solution is less than It grams 
per 100 cc. — The following formula, which takes into account the concentration of the 
sugar in solution, should be used in all other cases. 
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26 METHODS OF ANALYSIS [Clup. 

100 (P - I) 



142.66 - ^ - 0.0065 [142.66 - ^ - (P - 1)1 



in which 



S » per cent of Bucrose; 
P s direct reading normal solution; 
I » invert reading normal solution ; 
T =« temperature. 

By Polarization Before and After Inversion xoith Inveriase. — Tentative* 

1 5 REAGENT. 

Invertase solution {Hudson Method,*) — Mix 1 kilo of pressed baker's or brewer's 
yeast with 1 liter of tap water and 50 cc. of toluene and keep at room temperature 
2-3 days to allow autolysis to proceed to the stage of maximum inverting activity. 
Then add neutral lead acetate in slight excess, filter, precipitate the lead in the 
filtrate with hydrogen sulphid, filter again and then dialyze the filtrate thoroughly 
in a collodion sac. Preserve in an ice box the dialysed solution with the addition 
of a little toluene to prevent the growth of micro-organisms. Note the optical 
activity of the invertase solution and correct the invert reading according to the 
amount of the solution used. 

16 DETEBMINATION. 

Dissolve the normal weight (26 grams) of the substance in water, clarify, make 
up to volume, and take the direct polarization (P) as directed under 14. If lead 
has been used as a clarifying agent, remove the excess of lead from the filtrate, with 
anhydrous sodium carbonate or potassium oxalate, and filter. To 50 cc. of the 
filtrate in a 100 cc. flask add acetic acid, drop by drop, until the reaction is acid to 
litmus, add 10 cc. of the invertase solution, fill the flask with water nearly to 100 cc. 
and let stand in a warm place (about 40*'C.) overnight. Cool and make up to 100 cc. 
at 20°C. Polarize at 20*^0. in a 200 nun. tube. Allow the solution to remain in the 
tube for an hour and repeat the polarization. If there is no change from the pre- 
vious reading, the inversion is complete, whereupon the reading and temperature 
of the solution are carefully noted. Correct the reading for the optical activity 
of the invertase solution and then multiply by 2. Calculate the percentage of 
sucrose by the following formula: 

Q 100 (P - I) • u- u 

S = m which 



142 - I « 0.0065 [142 - 5^ - (P ~ I) J 



S = per cent of sucrose; 

P » direct reading; 

I » invert reading; 

T — temperature at which invert reading is made. 

1 7 DBTBRMINATIOir OF SUCROSE AND RAFFINOSB.— OFVICIAL. 

(Of value chiefly in the analysis of beet products.) 

If the direct reading is more than V higher than the per cent of sucrose as cal- 
culated by the formula given under 14, rafBnose is probably present. Calculate 
sucrose and rafBnose by the following formula of Herzfeld: 
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0.5124 P- I P-S. ,. , 

S ■ tt:xx — i R -■ TTrrr "^ which 

0.839 1.852 

P » direct reading normal solution; 
I » invert reading normal solution; 
S B per cent of sucrose; 
R » per cent of anhydrous raffinose. 

The above formula assumes that the polarisations are made at exactly 20^0. 
If the temperature (T) is other than 20''C., the following formula should be used: 

„ P (0.4724 + 0.002 T)- I 



Having calculated S, then R > 



0.899 - 0.003 T 

P-S 
1.852 



CHEMICAL METHODS, 

18 DBTBRMINATIOir OF SUC ROSE F ROM RBDUCIirO SUOARS BBFORB AND AVTBR 

INVERSION.— TBNTATIVB. 

Determine the reducing sugars (clarification having been effected with netUrcd 
lead acetate, never with basic lead acetate), as directed under 25, and calculate to 
invert sugar from 27. Invert the solution as directed under 14 or 16, eicactly 
neutralize the acid, and again determine the reducing sugars, but calculate them 
to invert sugar from the same table as referred to above, using the invert sugar 
column alone. Deduct the percentage of invert sugar obtained before inversion 
from that obtained after inversion, and multiply the difference by 0.95, the result 
being the per cent of sucrose. The solutions should be diluted in both determina- 
tions so that not more than 245 mg. of invert sugar are present in the amount 
taken for reduction. It is important that all lead be removed from the solution 
with potassium oxalate before reduction. 

Reduono Sugars. 

INVERT SUGAR. 
AppraximcUe Volumetric Method for Rapid Work, — Tentative. 

19 REAGENT. 

SoxfdeVs Modification of Fehling's Solution, — Prepare by mixing, immediately 
before use, equal volumes of (a) and (b). 

(a) Copper sulphate 8o2u<ton.— Dissolve 34.639 grams of copper sulphate (CUSO4 
5H3O) in water, dilute to 500 cc. and filter through prepared asbestos. 

(b) Alkaline tartrate solution, — Dissolve 173 grams of Rochelle salts and 50 grams 
of sodium hydroxid in water, dilute to 500 cc, allow to stand for 2 days and ^filter 
through prepared asbestos. 

20 STANDARDIZATION OF COPPER SOLUTION. 

Since the factor of calculation varies with the minute details of manipulation, 
every operator must determine a factor for himself, using a known solution of the 
pure sugar that he desires to determine, and keeping the conditions the same as 
those used for the determination. 
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Standardize the solution for invert sugar in the following manner: 
Dissolve 4.75 grams of pure sucrose in 75 cc. of water, add 5 cc. of hydrochloric 
acid (sp. gr. 1.20) and invert as directed under 14. Neutralize the acid with sodium 
hydroxid solution and dilute to 1 liter. Ten cc. of this solution contain 0.050 gram of 
invert sugar, which should reduce 10 cc. of the reagent. The strength of the copper 
solution should never be taken as a constant, but should be checked against the 
sugar. 
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DETERMINATION. 



Place 10 CC. of the reagent in a large test tube and add 10 cc. of water. Heat to 
boiling, and add gradually small portions of the solution of the material to be tested 
until the copper has been completely reduced, boiling after each addition to com- 
plete the reaction. Two minutes' boiling is required for complete reduction when 
the full amount of sugar solution has been added in one portion. When the end 
is nearly reached and the amount of sugar solution to be added can no longer be 
judged by the color of the solution, remove a small portion of the liquid and filter 
rapidly into a small porcelain crucible or on a test plate; acidify with dilute acetic 
acid, and test for copper with dilute potassium ferrocyanid solution. The sugar 
solution should be of such strength as will give a burette reading of 15-20 cc, and 
the number of successive additions should be as small as possible. 

Sozhlet Volumetric Method.—TenkUive. 

22 RBAQBNT. 

The reagent used is described under 19. 

23 DBTEBMINATION. 

Make a preliminary titration to determine the approximate percentage of reduc- 
ing sugar in the material under examination. Prepare a solution which contains 
approximately 1% of reducing sugar. Place in a beaker 100 cc. of the reagent and 
approximately the amount of the sugar solution for its complete reduction. Boil 
for 2 minutes. Filter through a folded filter and test a portion of the filtrate for 
copper by use of dilute acetic acid and dilute potassium ferrocyanid solution. Re- 
peat, varying the volume of sugar solution, until 2 successive amounts are found 
which differ by 0.1 cc, one giving complete reduction and the other leaving a small 
amount of copper in solution. The mean of these 2 readings is taken as the volume 
of the solution required for the complete precipitation of 100 cc. of the reagent. 

Under these conditions 100 cc of the reagent require 0.494 gram of invert sugar 
for complete reduction. Calculate the percentage by the following formula: 

y » the volume of the sugar solution required for the complete reduction of 

100 cc of the reagent; 

W » the weight of the sample in 1 cc. of the sugar solution; 

100X0.494 ... . 

===== = per cent of invert sugar. 

VW 

GRAVIMETRIC METHODS. 
Munson and Walker General Method,* — Tentative, 

24 REAQBNTS. 

(a) Aebestos, — Digest the asbestos, which should be the amphibole variety, with 
dilute hydrochloric acid (1 to 3) for 2-3 days. Wash free from acid, digest for a 
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siinilar period with 10% sodium hydroxid solution, and then treat for a few hours 
with hot alkaline tartrate solution (old alkaline tartrate solutions that have stood 
for some time may be used for this purpose) of the strength employed in sugar de- 
terminations. Then wash the asbestos free from alkali, digest for several hours 
with dilute nitric acid (1 to 3) and, after washing free from acid, shake with water 
into a fine pulp« In preparing the Gooch crucible, make a film of asbestos i inch 
thick and wash thoroughly with water to remove fine particles of asbestos. If the 
precipitated cuprous oxid is to be weighed as such, wash the crucible with 10 cc. of 
alcohol, then with 10 cc. of ether, dry for 30 minutes at lOO^C, cool in a desiccator 
and weigh. 

(b) The solution used is described under 19. 

25 PBBCIPITATION OF CUPROUS OXID. 

Transfer 25 cc. each of the copper sulphate and alkaline tartrate solutions to a 
400 cc. beaker of alkali-resisting glass and add 50 cc. of reducing sugar solution, or, 
if a smaller volume of sugar solution is used, add water to make the final volume 
100 cc. Heat the beaker upon an asbestos gauze over a Bunsen burner, regulate the 
flame so that boiling begins in 4 minutes, and continue the boiling for exactly 2 
minutes. (It is important that these directions be strictly observed and, in order 
to regulate the burner for this purpose, it is advisable to make preliminary tests, 
using 50 cc. of the reagent and 50 cc. of water before proceeding with the actual 
determination.) Keep the beaker covered with a watch glass during the heating. 
Filter the cuprous oxid at once on an asbestos mat in a porcelain Gooch crucible, 
using suction. Wash the cuprous oxid thoroughly with water at a temperature of 
about 60^C., and either weigjti directly as cuprous oxid as in 26, or, determine the 
amount of reduced copper by one of the methods under 29-34, respectively. Con- 
duct a blank determination, using 50 cc. of the reagent and 50 cc. of water, and, if 
the weight of cuprous oxid obtained exceeds 0.5 mg., correct the result of the reducing 
sugar determination accordingly. The alkaline tartrate solution deteriorates on 
standing and the amount of cuprous oxid obtained in the blank increases. 

Dbtbbmination of Reduced Copper. 

26 /. Direct Weighing of Cuprous Oxid, — Tentative. 

Prepare a Gooch as directed under 24 (a). 

Collect the precipitated cuprous oxid on the mat, as directed imder 25, wash 
thoroughly with hot water, then with 10 cc. of alcohol, and finally with 10 cc. of 
ether. Dry the precipitate for 30 minutes in a water oven at the temperature of 
boiling water; cool and weigh. Calculate the weight of metallic copper. Obtain 
from 27 the weight of invert sugar equivalent to the weight of copper found. 

This method should be used only for determinations in pure sugar solutions. In 
all other products the copper of the cuprous oxid should be determined by one of the 
following methods, since the cuprous oxid is very apt to be contaminated with 
foreign matter. 

The number of milligrams of copper reduced by a given amount of reducing sugar 
differs when sucrose is present and when it is absent. In the tables the absence of 
sucrose is assumed except in the two columns under invert sugar, where one for 
mixtures of invert sugar and sucrose containing 0.4 gram of total sugar in 50 cc. of 
solution, and one for invert sugar and sucrose when the 50 cc. of solution contains 2 
grams of total sugar are given, in addition to the column for invert sugar alone. 
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Table 1.— Munson and Walker's Table. 



For calciUaltng dextroBtt invert sitgar alone, invert sugar in the presence of sxtcrose 
(0.4 gram and t grams total sugar) , lactose (two forms), and maltose (anhydrous and 
crystallized), 

(Expreised in miUicrun*.! 
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MALTOSE 


1 


I 


1 
1 


1 
la 


li 


1 


I 


1 


1 


1 

s 


4 
i 

o 


§ 


o 


1 


d 


M 


6 


6 


s 


c5 


i 


460 


309.7 


215.2 


221.1 


220.2 


213.7 


207.6 


313.3 


353.0 


372.6 


450 


451 


400.6 


215.8 


221.6 


220.8 


214.3 


208.3 


314.0 


354.7 


373.4 


451 


452 


401.5 


216.3 


222.2 


221.4 


214.8 


200.0 


314.7 


355.5 


374.2 


453 


453 


402.4 


216.0 


222.8 


221.0 


215.4 


200.7 


315.5 


356.3 


375.1 


453 


454 


403.3 


217.4 


223.3 


222.5 


215.0 


300.4 


316.2 


357.1 


375.0 


454 


455 


404.2 


218.0 


223.0 


223.0 


216.5 


301.1 


316.0 


357.0 


376.7 


455 


450 


405.1 


218.5 


224 4 


223.6 


217.0 


301.7 


317.6 


358.7 


377.6 


456 


457 


405.0 


210.1 


225.0 


224.1 


217.6 


302.4 


318.3 


359.5 


378.4 


457 


458 


406.8 


210.6 


225.5 


224.7 


218.1 


303.1 


310.0 


360.3 


370.2 


458 


459 


407.7 


220.2 


226.1 


225.3 


218.7 


303.8 


310.8 


361.0 


380.0 


450 


4«0 


408.6 


220.7 


226.7 


225.8 


210.2 


304.5 


320.5 


361.8 


380.0 


460 


451 


400.5 


221.3 


227.2 


226.4 


210.8 


305.1 


321.2 


362.6 


381.7 


461 


462 


410.4 


221.8 


227.8 


226.0 


220.3 


305.8 


321.0 


363.4 


382.5 


462 


453 


411.3 


222.4 


228.3 


227.5 


220.0 


306.5 


322.6 


364.2 


383.4 


463 


414 


412.3 


222.0 


228.0 


228.1 


221.4 


307.2 


823.4 


365.0 


384.2 


464 


455 


413.0 


223.5 


220.5 


228.6 


222.0 


307.0 


324.1 


365.8 


385.0 


466 


456 


413.0 


224.0 


230.0 


220.2 


222.5 


308.6 


3248 


366.6 


385.0 


466 


467 


414.8 


224.6 


230.6 


220.7 


223.1 


300.2 


325.5 


367.3 


386.7 


467 


468 


415.7 


225.1 


231.2 


230.3 


223.7 


300.0 


326.2 


368.1 


387.5 


468 


460 


416.6 


225.7 


231.7 


230.0 


224.2 


310.6 


326.0 


368.0 


388.3 


460 


470 


417.5 


226.2 


232.3 


231.4 


224.8 


311.3 


327.7 


360.7 


380.2 


470 


471 


418.4 


226.8 


232.8 


232.0 


225.3 


312.0 


328.4 


370.5 


300.0 


471 


472 


410.3 


227.4 


233.4 


232.5 


. 225.0 


312.6 


320.1 


371.3 


300.8 


472 


473 


420.2 


227.0 


234.0 


233.1 


226.4 


313.3 


320.8 


372.1 


301.7 


478 


474 


421.0 


228.5 


234.5 


233.7 


227.0 


314.0 


330.5 


372.0 


302.5 


474 


475 


421.0 


220.0 


235.1 


234.2 


227.6 


314.7 


331.3 


373.7 


303.3 


475 


476 


422.8 


220.6 


235.7 


234.8 


228.1 


315.4 


332.0 


374.4 


304.2 


476 


477 


423.7 


230.1 


236.2 


235.4 


228.7 


316.1 


332.7 


375.2 


305.0 


477 


478 


424.6 


230.7 


236.8 


235.0 


220.2 


816.7 


333.4 


376.0 


305.8 


478 


470 


425.5 


231.3 


237.4 


236.5 


220.8 


317.4 


334.1 


376.8 


306.6 


470 


480 


426.4 


231.8 


237.0 


237.1 


230.3 


318.1 


334.8 


377.6 


307.5 


480 


481 


427.3 


232.4 


238.5 


237.6 


230.0 


318.8 


335.6 


378.4 


308.3 


481 


482 


428.1 


232.0 


230.1 


238.2 


231.5 


310.5 


336.3 


370.2 


300.1 


482 


483 


420.0 


233.5 


230.6 


238.8 


232.0 


320.1 


337.0 


380.0 


400.0 


483 


484 


420.0 


334.1 


240.2 


230.3 


232.6 


320.8 


337.7 


380.7 


400.8 


484 


485 


430.8 


234.6 


340.8 


230.0 


233.2 


321.5 


338.4 


381.5 


401.6 


485 


486 


431.7 


235.2 


241.4 


240.5 


233.7 


322.2 


830.1 


382.3 


402.4 


486 


487 


432.6 


235.7 


241.0 


241.0 


234.3 


322.0 


330.0 


383.1 


403.3 


487 


488 


433.5 


236.3 


242.5 


241.6 


234.8 


323.6 


340.6 


383.0 


404.1 


488 


480 


434.4 


236.0 


243.1 


242.2 


235.4 


324.2 


341.3 


384.7 


404.0 


480 


490 


435.3 


237.4 


243.6 


242.7 


236.0 


324.0 


342.0 


385.5 


405.8 


400 



IL A. H. Low Volumetric Method, Modified/ — Tentative. 

28 BEAGENT. 

Standard tkioaidphate solution. — Prepare a solution of sodium thiosulphate 
containing 19 grams of pure cr3r8tal8 in 1 liter. Weigh accurately about 0.2 
gram of pure copper foil and place in a flask of 250 cc. capacity. Dissolve by warming 
with 5 cc. of a mixture of equal volumes of strong nitric acid and water. Dilute 
to 50 cc, boil to expel the red fumes, add 5 cc. of strong bromin water, and boil 
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until the bromin is completely driven off. Remove from the heat and add a slight 
excess of strong ammonium hydroxid (about 7 cc. is required). Again boil until 
the .excess of ammonia is expelled, as shown by a change of color of the liquid, 
and a partial precipitation. Then add a slight excess of strong acetic acid (3 or 4 
cc. of 80% acid) and boil for a minute. Cool to room temperature and add 10 cc. 
of 30% potassium iodid solution. Titrate at once with the thiosulphate solution 
until the brown tinge has become weak, then add sufficient starch indicator [VII, 
3 (a)] to produce a marked blue coloration. Continue the titration cautiously 
until the color due to free iodin has entirely vanished. The blue color changes to- 
ward the end to a faint lilac. If at this point the thiosulphate be added drop by drop 
and a little time allowed for complete reaction after each addition, there is no diffi- 
culty in determining the end point within a single drop. One cc. of the thiosulphate 
solution will be found to correspond to about 0.005 gram of copper. 

29 DETEBMINATION. 

After washing the precipitated cuprous oxid, cover the Gooch with a watch 
glass and dissolve the oxid by means of 5 cc. of warm nitric acid (1 to 1) poured under 
the watch glass with a pipette. Catch the filtrate in a 250 cc. flask, wash the 
watch glass and Gooch free of copper, using about 50 cc. of water. Boil to expel 
red fumes, add 5 cc. of bromin water, boil off the bromin, and proceed exactly as 
in 28. 

30 ///. Volumetric Permanganate Method, — Tentative. 

Filter and wash the cuprous oxid as directed under 25. Transfer the asbestos 
film to the beaker, add about 30 cc. of hot water, and beat the precipitate and asbes- 
tos thoroughly. Rinse the crucible with 50 cc. of a hot saturated solution of ferric 
sulphate in 20% sulphuric acid, receiving the rinsings in the beaker containing the 
precipitate. After the cuprous oxid is dissolved, wash the solution into a large 
Erlenmeyer flask and immediately titrate with a standard solution of potassium 
permanganate, 1 cc. of which should be equivalent to 0.010 gram of copper. Stand- 
ardize this solution by making 6 or more determinations with the same sugar solu- 
tion, titrating one half of the precipitates obtained, and determining the copper in 
the others by electrolysis. The average weight of copper obtained by electrolysis, 
divided by the average number of cc. of permanganate solution required for the 
titrations, gives the weight of copper equivalent to 1 cc. of the standard perman- 
ganate solution. A solution standardized with iron or oxalic acid will give too low 
a result. 

31 IV. Electrolytic Deposition from Sulphuric Acid Solution. — Tentative. 

Filter the cuprous oxid in a Gooch, wash the beaker and the precipitate thoroughly 
with hot water without transferring the precipitate to the filter. Wash the asbestos 
film and the adhering cuprous oxid into the beaker by means of hot dilute nitric acid. 
After the copper is all in solution, refilter through a thin film of asbestos in a Gooch 
and wash thoroughly with hot water. Add 10 cc. of sulphuric acid (1 to 4), and 
evaporate the filtrate on the steam bath until the copper salt has largely crystal- 
lized. Heat carefully on a hot plate or over asbestos until the evolution of white 
fumes shows that the excess of nitric acid is removed. Add 8-10 drops of nitric acid 
(sp. gr. 1.42) and rinse into a 100-125 cc. platinmn dish. Deposit the copper by 
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electrolysis. Wash thoroughly with water, then break the current, wash with alco- 
hol and ether successively, dry at about 50''C., and weigh. If preferred, the elec- 
troljrsis can be conducted in a beaker, the copper being deposited upon a weighed 
platinum electrode. 

32 V. Electrolytic Deposition from Sulphuric and Nitric Acid Solution. — TentaHve. 

Filter and wash as directed under 31 . Transfer the asbestos film from the cru- 
cible to the beaker by means of a glass rod and rinse the crucible with about 30 cc. 
of a boiling mixture of dilute sulphuric and nitric acids, containing 05 cc. of sul- 
phuric acid (sp. gr. 1.84) and 50 cc. of nitric acid (sp. gr. 1.42) per liter. Heat and 
agitate until solution is complete; filter and electrolyse as under 31 . 

33 VI, Electrolytic Deposition from Nitric Acid Solution. — Tentative, 

Filter and wash as directed under 31 . Transfer the asbestos film and adhering 
ozid to the beaker. Dissolve the ozid still remaining in the crucible by means of 
2 cc. of nitric acid (sp. gr. 1.42), adding it with a pipette and receiving the solution 
In the beaker containing the asbestos film. Rinse the crucible with a jet of water, 
allowing the rinsings to flow into the beaker. Heat the contents of the beaker until 
the copper is all in solution, filter, dilute the filtrate to a volume of 100 cc. or more, 
and electrolyse. When a nitrate solution is electrolysed, the first washing of the 
deposit should be made with water acidulated with sulphuric acid, in order to remove 
M the nitric acid before the current is interrupted. 

34 VII, Reduction in Hydrogen, — Tentative, 

Deposit an asbestos film on a perforated platinum disc or cone contained in a 
hard glass filtering tube, wash free from loose fibers, dry and weigh. Through this 
tube, previously moistened, filter the cuprous oxid immediately, using suction. 
Transfer the cuprous oxid to the tube through a removable funnel, and wash thor- 
oughly with hot water, alcohol and ether successively. After drying, connect the 
tube with a supply of dry hydrogen, heat gently until the cuprous oxid is com- 
pletely reduced to metallic copper, cool in the current of hydrogen, and weigh. 
If preferred, a Gooch crucible may be used for the filtration. 

Herzfeld Gravimetric Method. — Tentative. 

Method I. 

(For materials containing 1.5% or less of invert sugar and 98.5% or more of sucrose.) 

35 BEAQENTB. 

The reagents and solutions used are described under 24. 

36 DETERMINATION. 

Prepare the solution of the material to be examined so as to contain 20 grams in 
100 cc, free from suspended impurities by filtration and from soluble impurities by 
neutral lead acetate, removing the excess of lead by means of sodimn carbonate. 
Place 50 cc. of the reagent and 50 cc. of the sugar solution in a 250 cc. beaker. Heat 
this mixture at such a rate that approximately 4 minutes are required to bring it 
to the boiling point, and boil for exactly 2 minutes. Add 100 cc. of cold, recently 
boiled, water. Filter immediately through asbestos, and determine the copper 
by one of the methods under 26, 29-34, respectively. Obtain the corresponding 
percentage of invert sugar from 37. 
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37 Table 2.— Herzfeld's Table.* 

Par the determincUion of invert eugar in m<Uertal8 containing 1.6%, or Use, of invert 
et^far and 98,6%, or more, of sucrose. 



COPPSB 




COFPBB 




COFPBB 




bbducbd bt 
IOgbamb 


INTBBT IVOAB 


BBOnCBO BT 
lOOBAMS 


IMVBBT BUGAB 


BBDUCBD BT 
lOOBAMS 


XmrBBT BUQAB 






OP MATBBIAL 




OP If ATBRXAL 




m§. 


JMTMnl 


m§. 


jmemi 


mg. 


perctrU 


50 


0.05 


140 


0.51 


230 


1.02 


55 


0.07 


145 


0.53 


235 


1.06 


60 


0.09 


150 


0.56 


240 


1.07 


65 


0.11 


155 


0.59 


245 


I.JIO 


70 


0.14 


160 


0.62 


250 


1.13 


75 


0.16 


165 


0.65 


255 


1.16 


80 


0.19 


170 


0.68 


260 


1.18 


85 


0.21 


175 


0.71 


265 


1.21 


90 


0.24 


180 


0.74 


270 


1.24 


95 


0.27 


185 


0.76 


275 


1.27 


100 


0.30 


190 


0.79 


280 


1.30 


105 


0.32 


195 


0.82 


285 


1.33 


110 


0.35 


200 


0.85 


290 


1.36 


115 


0.38 


205 


0.88 


295 


1.38 


120 


0.40 


210 


0.90 


300 


1.41 


125 


0.43 


215 


0.93 


305 


1.44 


130 


0.45 


220 


0.96 


310 


1.47 


135 


0.48 


225 


0.99 


315 


1.50 



Method II. 
(For materials containing 1.5% or more of invert sugar and 98.5% or less of sucrose.) 

38 RBAQENTB. 

Same as described under 24. . 

39 DBTSBMINATION. 

Prepare a solution of the material to be examined in such a manner that it con- 
tains 20 grams in 100 cc. after clarification and removal of the excess of lead. Pre- 
pare a series of solutions in large test tubes by adding 1, 2, Z, 4, and 5 cc. of this 
solution to each tube successively. Add5cc. of the reagent to each, heat to boiling, 
boil 2 minutes, and filter. Note the volume of sugar solution which gives the fil- 
trate lightest in tint, but still distinctly blue. Place 20 times this vo ume of the 
sugar solution in a 100 cc. flask, dilute to the mark, and mix well. Use 50 cc. of the 
solution for the determination, which is conducted as described under 36. For the 
calculation of the result use the following formulas and table of factors of Meissl 
and Hiller: 

Let Cu B the weight of copper obtained; 
P "■ the polarization of the sample; 
W "■ the weight of the sample in the 50 cc. of the solution used for the 

determination; 
F " the factor obtained from the table for the conversion of copper to 
invert sugar; 

Cu 

Then "r^ "Z, approximate weight of invert sugar; 

100 
Z X — ""Y, approximate per cent of invert sugar; 
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100 P 



= R, approximate per cent of sucrose in mixture of sugars; 



P + Y 

100 — R =s I, approximate per cent of invert sugar; 

CuF 

— - = per cent of invert sugar. 

The factor F for calculating copper to invert sugar is then foimd from 40. 



40 



Table 3. 



Meisal and Hiller'a* factors for determinations in materials in which, of the total 
sugars present , 1.6%, or more, is invert sugar, and 98,6%, or less, is sucrose. 







APPBOXniATB AB80LUTB WBIOHT 


OF ZNVEBT SDOAB (ZS 




BATIO OP SnCROSS 
















TO INYSBT 

BUOAB « b: I. 


200 


176 


150 


. ?26 


, 100 


76 


60 




milHgrftTtiH 


milligrams 






milligrams 


milligrams 


milligrams 




percent 


percent 


percent 


perunt 


percent 


percent 


percent 


0:100 


56.4 


55.4 


54.5 


53.8 


53.2 


53.0 


53.0 


10:90 


56.3 


55.3 


54.4 


53.8 


53.2 


52.9 


52.9 


20:80 


56.2 


55.2 


54.3 


53.7 


53.2 


52.7 


52.7 


30:70 


56.1 


55.1 


54.2 


53.7 


53.2 


52.6 


52.6 


40:60 


55.9 


55.0 


54.1 


53.6 


53.1 


52.5 


52.4 


60:50 


55.7 


54.9 


54.0 


53.5 


53.1 


52.3 


52.2 


60:40 


55.6 


54.7 


53.8 


53.2 


52.8 


52.1 


51.9 


70:30 


55.5 


54.5 


53.5 


52.9 


52.5 


51.9 


51.6 


80:20 


55.4 


54.3 


53.3 


52.7 


52.2 


51.7 


51.3 


90:10 


54.6 


53.6 


53.1 


52.6 


52.1 


51.6 


51.2 


91:9 


54.1 


53.6 


52.6 


52.1 


51.6 


51.2 


50.7 


92:8 


53.6 


53.1 


52.1 


51.6 


51.2 


50.7 


50.3 


93:7 


53.6 


53.1 


52.1 


51.2 


50.7 


50.3 


49.8 


94:6 


53.1 


52.6 


51.6 


50.7 


50.3 


49.8 


48.9 


95:5 


52.6 


52.1 


51.2 


50.3 


49.4 


48.9 


48.5 


96:4 


52.1 


51.2 


50.7 


49.8 


48.9 


47.7 


46.9 


97:3 


50.7 


50.3 


49.8 


48.9 


47.7 


46.2 


45.1 


98:2 


49.9 


48.9 


48.5 


47.3 


45.8 


43.3 


40.0 


99:1 


47.7 


47.3 


46.5 


45.1 


43.3 


41.2 


38.1 



Example: The polarization of a sugar is 86.4, and 50 cc. of solution containing 
3.256 grams of sample gave 0.290 gram of copper. 

Cu 0.290 
2 " 2 



0.145 = Z 



Z X 100 
W 

100 -R 



= 0.145 X; 



100 



= 4.45 = Y 



3.256 
100-95.1 = I = 4.9 
R:I -95.1:4.9 



By consulting the table it will be seen that the vertical column headed 150 iB 
nearest to Z, 145, and the horizontal column headed 95: 5 is nearest to the ratio of 
R to I, 95.1 : 4.9. Where these columns meet, we find the factor 51.2 which enters 
into the final calculation: 



CuF 0.290X51.2 



W 



3.256 



4.56 per cent of invert sugar. 



In case there is no sucrose present, the following table may be used instead of the 
factors given in 40. 
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Table 4.— Meissl»8 Tablb.» 
For the determination of invert sugar alone. 
[According to Wein.] 
[ExpreaMd in milligrams.I 
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OOPPBB 


INVERT 
SUGAB 


OOPPBB 


INVBBT 
BUGAB 


COPPEB 


ZNVBBT 
BUGAB 


OOPPBB 


INVBBT 
BUGAB 


90 


46.9 


135 


70.8 


180 


95.2 


225 


120.4 


91 


47.4 


136 


71.3 


181 


95.7 


226 


120.9 


92 


47.9 


137 


71.9 


182 


96.2 


227 


121.5 


93 


48.4 


138 


72.4 


183 


96.8 


228 


122.1 


94 


48.9 


139 


72.9 


184 


97.3 


229 


122.6 


95 


49.5 


140 


73.5 


185 


97.8 


230 


123.2 


96 


50.0 


141 


74.0 


186 


98.4 


231 


123.8 


97 


50.5 


142 


74.5 


187 


99.0 


232 


124.3 


98 


51.1 


143 


75.1 


188 


99.5 


233 


124.9 


99 


51.6 


144 


75.6 


189 


100.1 


234 


125.5 


100 


52.1 


145 


76.1 


190 


100.6 


235 


126.0 


101 


52.7 


146 


76.7 


191 


101.2 


236 


126.6 


102 


53.2 


147 


77.2 


192 


101.7 


237 


127.2 


103 


53.7 


148 


77.8 


193 


102.3 


238 


127.8 


104 


54.3 


149 


78.3 


194 


102.9 


239 


128.3 


105 


54.8 


150 


78.9 


195 


103.4 


240 


128.9 


106 


55.3 


151 


79.4 


196 


104.0 


241 


129.5 


107 


55.9 


152 


80.0 


197 


104.6 


242 


130.0 


108 


56.4 


153 


80.5 


198 


105.1 


243 


130.6 


109 


56.9 


154 


81.0 


199 


105.7 


244 


131.2 


110 


57.5 


155 


81.6 


200 


106.3 


245 


131.8 


111 


58.0 


156 


82.1 


201 


106.8 


246 


132.3 


112 


58.5 


157 


82.7 


202 


107.4 


247 


132.9 


113 


59.1 


158 


83.2 


203 


107.9 


248 


133.5 


114 


59.6 


159 


83.8 


204 


108.5 


249 


134.1 


115 


60.1 


160 


84.3 


205 


109.1 


250 


134.6 


116 


60.7 


161 


84.8 


206 


109.6 


251 


135.2 


117 


61.2 


162 


85.4 


207 


110.2 


252 


135.8 


118 


61.7 


163 


85.9 


208 


110.8 


253 


136.3 


119 


62.3 


164 


86.5 


209 


111.3 


254 


136.9 


120 


62.8 


165 


87.0 


210 


111.9 


255 


137.5 


121 


63.3 


166 


87.6 


211 


112.5 


256 


138.1 


122 


63.9 


167 


88.1 


212 


113.0 


257 


138.6 


123 


64.4 


168 


88.6 


213 


113.6 


258 


139.2 


124 


64.9 


169 


89.2 


214 


114.2 


259 


139.8 


125 


65.5 


170 


89.7 


215 


114.7 


260 


140.4 


126 


66.0 


171 


90.3 


216 


115.3 


261 


140.9 


127 


66.5 


172 


90.8 


217 


115.8 


262 


141.5 


128 


67.1 


173 


91.4 


218 


116.4 


263 


142.1 


129 


67.6 


174 


91.9 


219 


117.0 


264 


142.7 


130 


68.1 


175 


92.4 


220 


117.5 


265 


143.2 


131 


68.7 


176 


93.0 


221 


118.1 


266 


143.8 


132 


69.2 


177 


93.5 


222 


118.7 


267 


144.4 


133 


69.7 


178 


94.1 


223 


119.2 


268 


144.9 


134 


70.3 


179 


94.6 


224 


119.8 


269 


145.5 
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METHODS OF ANALYSIS 

Table 4.— Mbissl'S Table.— Continued. 

(ExproMed in miUigramB.) 



IChap. 



COPPBB 


INVEBT 
BUOAB 


COPPBB 


INVERT 
BUOAB 


COPPBB 


INVERT 
BUGAR 


COPPER 


INVEBT 
BUOAB 


270 


146.1 


310 


169.7 


350 


193.8 


390 


218.7 


271 


146.7 


311 


170.3 


351 


194.4 


391 


219.3 


272 


147.2 


312 


170.9 


352 


195.0 


392 


219.9 


273 


147.8 


313 


171.5 


353 


195.6 


393 


220.5 


274 


148.4 


314 


172.1 


354 


196.2 


394 


221.2 


275 


149.0 


315 


172.7 


355 


196.8 


395 


221.8 


276 


149.5 


316 


173.3 


356 


197.4 


396 


222.4 


277 


.150.1 


317 


173.9 


357 


198.0 


397 


223.1 


278 


150.7 


318 


174.5 


358 


198.6 


398 


223.7 


279 


151.3 


319 


175.1 


359 


199.2 


399 


224.3 


280 


151.9 


320 


175.6 


360 


199.8 


400 


224.9 


281 


152.5 


321 


176.2 


361 


200.4 


401 


225.7 


282 


153.1 


322 


176.8 


362 


, 201.1 


402 


226.4 


283 


153.7 


323 


177.4 


363 


201.7 


403 


227.1 


284 


154.3 


324 


178.0 


364 


202.3 


404 


227.8 


285 


154.9 


325 


178.6 


365 


203.0 


405 


228.6 


286 


155.5 


326 


179.2 


366 


203.6 


406 


229.3 


287 


156,1 


327 


179.8 


367 


204.2 • 


407 


230.0 


288 


156.7 


328 


180.4 


368 


204.8 


408 


230.7 


280 


157.2 


329 


181.0 


369 


205.5 


409 


231.4 


290 


157.8 


330 


181.6 


370 


206.1 


410 


232.1 


291 


158.4 


331 


182.2 


371 


206.7 


411 


232.8 


292 


159.0 


332 


182.8 


372 


207.3 


412 


233.5 


293 


159.6 


333 


183.5 


373 


208.0 


413 


234.3 


294 


160.2 


334 


184.1 


374 


208.6 


414 


235.0 


295 


160.8 


335 


184.7 


375 


209.2 


415 


235.7 


296 


161.4 


336 


185.4 


376 


209.9 


416 


236.4 


297 


162.0 


337 


186.0 


377 


210.5 


417 


237.1 


298 


162.6 


338 


186.6 


378 


211.1 


418 


237.8 


299 


163.2 


339 


187.2 


379 


211.7 


419 


238.5 


300 


163.8 


. 340 


187.8 


380 


212.4 


420 


239.2 


301 


164.4 


341 


188.4 


381 


213.0 


421 


239.9 


302 


165.0 


342 


189.0 


382 


213.6 


422 


240.6 


303 


165.6 


343 


189.6 


383 


214.3 


423 


241.3 


304 


166.2 


344 


190.2 


384 


214.9 


424 


242.0 


306 


166.8 


345 


190.8 


385 


215.5 


425 


242.7 


306 


167.3 


346 


191.4 


386 


216.1 


426 


243.4 


307 


167.9 


347 


192.0 


387 


216.8 


427 


244.1 


308 


168.5 


348 


192.6 


388 


217.4 


428 


244.9 


309 


169.1 


349 


193.2 


389 


218.0 


429 
430 


245.6 
246.3 



MALTOSE. 
General Qravimetric Method, — Te!rUative. 



Proceed as directed under 25 and obtain, from 27, the weight of maltose 
equivalent to the weight of copper reduced. 
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FOODS AND FEEDING STUFFS 



45 



Wein Method.'-TenUUive. 

43 RBAOBNTB. 

The reagents and solutions used are described under 24. 

44 DETBBMINATION. 

Place 50 cc. of the reagent in a beaker and heat to the boiling point. When 
boiling briskly, add 25 cc. of the maltose solution containing not more than 0.250 
gram of maltose and boil for 4 minutes. Filter immediately through asbestos and 
determine, by one of the methods given under 26, 29-34 respectively, the amount of 
copper reduced. 
Obtain, from 45, the weight of maltose equivalent to the weight of copper foimd. 



45 



Table 5. 

Far the determinoHan of mcdiou. 

(According to Wein.*] 
lEzpreflwd in mfllisnuBt.) 



OOPPBB 


co- 

PBOT78 
OXIO 


TOU 




cu- 

PBOU8 
OXID 


MAI/- 
TOSB 


COPPBB 


cu- 

PBOX78 
OXID 


MAL- 

TOBB 


COPPBB 


cu- 

PBOUt 
OXID 


MAL- 
TO«B 


81 


84.0 


86.1 


71 


70.0 


61.0 


111 


135.0 


06.4 


161 


170.0 


133.3 


SS 


86.0 


37.0 


73 


81.1 


61.8 


112 


126.1 


07.3 


158 


171.1 


133.3 


38 


87.3 


37.0 


78 


82.2 


62.7 


113 


127.2 


08.1 


163 


173.3 


134.1 


84 


38.8 


38.7 


74 


83.8 


68.6 


114 


128.3 


00.0 


154 


173.4 


185.0 


85 


80.4 


30.6 


76 


84.4 


64.6 


116 


120.6 


00.0 


156 


174.5 


185.0 


86 


40.6 


30.5 


76 


86.6 


65.4 


116 


130.6 


100.8 


156 


176.6 


136.8 


87 


41.7 


81.3 


77 


86.7 


66.3 


117 


131.7 


101.7 


157 


176.8 


137.7 


88 


42.8 


83.3 


78 


87.8 


67.1 


118 


133.8 


102.6 


158 


177.0 


138.6 


80 


48.0 


33.1 


70 


88.0 


68.0 


110 


134.0 


103.5 


150 


170.0 


130.6 


40 


45.0 


83.0 


80 


00.1 


68.0 


120 


135.1 


104.4 


160 


180.1 


140.4 


41 


46.3 


84.8 


81 


01.3 


60.7 


121 


136.2 


105.3 


161 


181.8 


141.8 


42 


47.8 


86.7 


83 


03.3 


70.6 


122 


137.4 


106.2 


162 


183.4 


143.3 


43 


48.4 


86.5 


83 


03.4 


71.5 


123 


138.5 


107.1 


168 


183.5 


148.1 


44 


40.6 


37.4 


84 


04.6 


72.4 


124 


130.6 


108.0 


164 


184.6 


144.0 


46 


60.7 


38.8 


86 


06.7 


73.2 


125 


140.7 


108.0 


165 


185.8 


144.0 


«6 


51.8 


80.1 


86 


06.8 


74.1 


126 


141.0 


100.8 


166 


186.0 


145.8 


«7 


63.0 


40.0 


87 


07.0 


75.0 


127 


143.0 


110.7 


167 


188.0 


146.7 


48 


54.0 


40.0 


88 


00.1 


75.0 


128 


144.1 


111.6 


168 


180.1 


147.6 


40 


65.2 


41.8 


80 


100.3 


76.8 


120 


145.2 


112.5 


160 


100.3 


148.6 


60 


66.3 


43.6 


00 


101.8 


77.7 


130 


146.4 


113.4 


170 


101.4 


140.4 


61 


67.4 


43.5 


01 


1024 


78.6 


131 


147.5 


114.3 


171 


102.5 


150.3 


68 


68.6 


44.4 


03 


103.6 


70.5 


133 


148.6 


115.2 


173 


103.6 


151.3 


68 


60.7 


45.3 


03 


104.7 


80.3 


133 


140.7 


116.1 


173 


104.8 


152.0 


64 


60.8 


46.1 


04 


105.8 


81.2 


134 


160.0 


117.0 


174 


105.0 


152.0 


66 


61.0 


47.0 


06 


107.0 


82.1 


135 


162.0 


117.0 


175 


107.0 


163.8 


66 


63.0 


47.8 


06 


108.1 


83.0 


136 


153.1 


118.8 


176 


108.1 


154.7 


67 


64.2 


48.7 


07 


100.2 


83.0 


137 


154.2 


110.7 


177 


100.3 


155.6 


68 


65.8 


40.6 


08 


110.3 


84.8 


138 


155.4 


120.6 


178 


200.4 


156.5 


60 


66.4 


60.4 


00 


111.6 


85.7 


130 


156.5 


121.5 


170 


201.5 


157.4 


60 


67.6 


51.3 


100 


113.6 


86.6 


140 


157.6 


122.4 


180 


202.6 


158.3 


01 


68.7 


53.3 


101 


113.7 


87.6 


141 


158.7 


123.3 


181 


203.8 


150.2 


63 


60.8 


53.1 


102 


114.8 


88.4 


143 


159.0 


134.2 


182 


204.0 


160.1 


68 


70.0 


53.0 


103 


116.0 


80.2 


143 


161.0 


125.1 


183 


206.0 


160.0 


64 


73.1 


54.8 


104 


117.1 


00.1 


144 


162.1 


126.0 


184 


207.1 


161.8 


65 


73.2 


65.7 


105 


118.2 


01.0 


145 


163.3 


126.0 


186 


206.8 


162.7 


60 


74.3 


66.6 


106 


110.3 


01.0 


146 


164.4 


127.8 


186 


200.4 


163.6 


67 


75.4 


57.4 


107 


130.5 


02.8 


147 


165.5 


128.7 


187 


210.6 


164.5 


68 


76.6 


58.3 


108 


131.6 


03.7 


148 


166.6 


120.6 


188 


211.7 


165.4 


00 


77.7 


60.3 


100 


182.7 


04.6 


140 


167.7 


130.5 


180 


212.8 


166.3 


70 


78.8 


60.1 


110 


123.8 


05.5 


150 


168.0 


131.4 


100 


213.0 


167.2 
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BIETHODS OF ANALYSIS 

Table 5.~Continued. 

For the determination of maltose, 

(Expreaeed in milligrams.! 



[Chap. 





CTJ- 






CU- 






CU- 






cu- 




OOPPBB 


PBOUS 
OXID 


MAL- 

TOSB 


COPPBB 


PROUS 
OXIO 


MAL- 
T08B 


COPPBB 


PBOUB 
OXID 


MAL- 
T08B 


COPPBB 


PBOUS 
OXID 


MAL- 

T08B 


191 


215.0 


168.1 


221 


243.7 


104.8 


251 


282.6 


221.7 


281 


316.4 


248.7 


192 


216.2 


169.0 


222 


249.9 


195.7 


252 


2837 


222.6 


282 


317.5 


249.6 


193 


217.3 


169.8 


223 


251.0 


196.6 


253 


284.8 


223.5 


283 


318.6 


250.4 


194 


218.4 


170.7 


224 


252.4 


197.5 


254 


286.0 


224.4 


284 


319.7 


251.8 


196 


219.5 


171.6 


225 


253.3 


198.4 


255 


287.1 


225.8 


285 


320.9 


252.3 


19« 


220.7 


172.5 


226 


254.4 


109.3 


256 


288.2 


226.2 


286 


822.0 


253.1 


197 


221.8 


173.4 


227 


255.6 


200.2 


257 


289.3 


227 1 


287 


323.1 


254.0 


198 


222.9 


174.3 


228 


256.7 


201.1 


258 


290.5 


228.0 


288 


324.2 


254.9 


199 


224.0 


175.2 


229 


257.8 


202 


259 


291 6 


228.9 


289 


325.4. 


255.8 


200 


225.2 


176.1 


230 


258.9 


202.9 


260 


292.7 


229.8 


290 


326.5 


256.0 


201 


226.3 


177.0 


231 


260.1 


203.8 


261 


293.8 


230.7 


291 


327.4 


257.5 


202 


227.4 


177.9 


232 


261.2 


204.7 


262 


295.0 


231.6 


292 


328.7 


258.4 


203 


228.5 


178.7 


233 


262.3 


205.6 


268 


296.1 


232.5 


293 


329.9 


259.3 


204 


229.7 


179.6 


234 


263.4 


206.5 


264 


297.2 


233.4 


294 


331.0 


260.S 


205 


230.8 


180.5 


235 


264.6 


207.4 


265 


298.3 


234.8 


295 


332.1 


261.1 


206 


231.9 


181.4 


236 


265.7 


208.3 


266 


299.5 


235.2 


296 


333.2 


262.0 


207 


233.0 


182.3 


237 


266.8 


209 1 


267 


300.6 


236.1 


297 


334.4 


262.8 


208 


234.2 


183.2 


238 


268.0 


210.0 


268 


801.7 


2.37.0 


298 


335.5 


2B3.7 


209 


235.3 


184.1 


239 


269.1 


210.9 


269 


802.8 


237.9 


299 


336.6 


264.0 


210 


236.4 


185.0 


240 


270.2 


211.8 


270 


304.0 


238.8 


800 


337.8 


265.5 


211 


237.6 


185.9 


241 


271.3 


212.7 


271 


305.1 


239.7 








212 


238.7 


186.8 


242 


272.5 


213.6 


272 


306.2 


240.6 








213 


239.8 


187.7 


243 


2736 


214.5 


273 


307.3 


241.5 








214 


240.9 


188.6 


244 


274.7 


215.4 


274 


308.5 


242.4 








215 


242.1 


189.5 


245 


275.8 


216.3 


275 


309.6 


243.3 








210 


243.2 


190.4 


246 


277.0 


217.2 


276 


310.7 


2442 








217 


244.3 


191.2 


247 


278.1 


218.1 


277 


311.9 


245.1 








218 


245.4 


192.1 


248 


279.2 


219.0 


278 


313.0 


246.0 








219 


246.6 


193.0 


249 


280.3 


219.9 


279 


314.1 


246.9 








220 


247.7 


193.9 


250 


281.5 


220.8 


280 


315.2 


247.8 









LACTOSE. 
General Gravimetric Method. — Tentative. 



Proceed as directed under 25 and obtain, from 27, the weight of lactose 
equivalent to the weight of copper reduced. 

Soxfdet'Wein Method.--Official. 

47 REAGENTS. 

The reagents and solutions used are described under 24. 



48 



DETERMINATION. 



Place 50 cc. of the reagent in a beaker and heat to the boiling point. When 
boiling briskly, add 100 cc. of the lactose solution containing not more than 0.300 
gram of lactose and boil for 6 minutes. Filter immediately through asbestos and 
determine by one of the methods given under 26, 29-34 inclusive, the amount of 
copper reduced. Obtain, from 49, the weight of lactose equivalent to the weight of 
copper found. 
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foods and feedino stuffs 

Table 6. 

For the determination of lactose (Soxhlet-Wein*), 

lExprMMd in milUgrama.] 
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ooprsB 


LAOTOU 


COPPBB 


LACTO0B 


COPPBB 


LACTOBB 


COPPBB 


LACTOSB 


COPPBB 


LACTOBB 


100 


71.6 


160 


116.4 


220 


161.9 


280 


208.3 


340 


355 7 


101 


73.4 


161 


117.1 


221 


162.7 


281 


209.1 


341 


356.5 


lOS 


73.1 


162 


117.9 


222 


163.4 


282 


209.9 


342 


357 4 


lOS 


73.8 


163 


118.6 


223 


164.2 


283 


210.7 


843 


358.3 


IM 


74.6 


164 


119.4 


224 


164.9 


284 


211.5 


344 


359.0 


106 


75.8 


165 


120.2 


225 


165.7 


285 


212.3 


345 


359.8 


100 


76.1 


166 


120.9 


226 


166.4 


286 


213.1 


346 


360 6 


107 


76.8 


167 


121.7 


227 


167.2 


287 


213.9 


347 


861.4 


106 


77.6 


168 


122.4 


228 


167.9 


288 


214.7 


348 


363 3 


lOP 


78.3 


169 


123.2 


229 


168.6 


289 


215.5 


349 


363.1 


110 


790 


170 


123.9 


230 


169.4 


290 


216.3 


850 


263.9 


111 


79.8 


171 


124.7 


331 


170.1 


291 


217.1 


851 


264 7 


112 


80.5 


172 


125.5 


232 


170.9 


292 


217.9 


352 


265.5 


113 


81.3 


173 


126.2 


233 


171.6 


293 


218.7 


353 


266 3 


114 


82.0 


174 


127.0 


234 


172.4 


294 


219.5 


354 


367!2 


116 


82.7 


175 


127.8 


235 


173.1 


295 


230.3 


855 


268.0 


116 


83.5 


176 


128.5 


236 


173.0 


296 


321.1 


356 


268 8 


117 


84.2 


177 


129.3 


337 


174.6 


297 


221.9 


357 


269.6 


118 


85.0 


178 


130.1 


238 


175 4 


298 


222.7 


358 


370 4 


119 


85.7 


179 


130.8 


239 


176.2 


299 


223.5 


359 


371.3 


ISO 


86.4 


180 


131.6 


240 


176.9 


300 


224.4 


360 


373.1 


121 


87.2 


181 


132.4 


241 


177.7 


301 


225.2 


361 


373 9 


122 


87.9 


182 


133.1 


242 


178.5 


302 


225.9 


362 


373.7 


123 


88.7 


183 


133.9 


243 


179.3 


303 


226.7 


363 


274 5 


124 


80.4 


184 


134.7 


244 


180.1 


304 


227.5 


364 


275!8 


125 


90.1 


185 


135.4 


245 


180.8 


805 


228.3 


865 


276.2 


126 


90.9 


186 


136.2 


246 


181.6 


306 


229.1 


366 


277.1 


127 


91.6 


187 


137.0 


247 


182.4 


307 


229.8 


367 


277 9 


128 


92.4 


188 


137.7 


248 


188.2 


308 


230.6 


368 


278.8 


129 


93.1 


189 


138.5 


249 


184.0 


309 


231.4 


369 


279.6 


130 


93.8 


190 


139.3 


250 


184.8 


310 


232.2 


870 


280 5 


131 


94.6 


191 


140.0 


251 


185.5 


311 


233.9 


371 


281.4 


132 


95.3 


192 


140.8 


252 


186.3 


313 


3d3.7 


873 


282 2 


133 


96.1 


193 


141.6 


253 


187.1 


313 


334.5 


873 


283.1 


134 


96.9 


194 


142.3 


254 


187.9 


814 


235.3 


374 


283.9 


135 


97.6 


195 


143.1 


255 


188.7 


315 


236.1 


375 


284 8 


136 


98.3 


196 


143.9 


256 


189.4 


316 


236.8 


376 


285.7 


137 


99.1 


197 


144.6 


257 


190.2 


317 


237.6 


377 


386.5 


138 


99.8 


198 


145.4 


258 


101 


318 


238.4 


378 


387.4 


139 


100.5 


199 


146.3 


259 


101.8 


319 


239.2 


379 


288.2 


140 


101.3 


200 


146.9 


260 


192.5 


320 


240.0 


380 


289.1 


141 


102.0 


201 


147.7 


261 


193.3 


321 


240.7 


381 


289.9 


142 


102.8 


202 


148.5 


262 


194.1 


322 


241.5 


383 


290 8 


143 


103.5 


203 


140.2 


263 


194.9 


323 


242.3 


383 


291.7 


144 


104.3 


204 


160.0 


264 


195.7 


324 


343.1 


384 


393.5 


145 


105.1 


205 


150.7 


265 


196.4 


325 


343.9 


385 


393.4 


146 


105.8 


206 


151.5 


266 


197 2 


326 


344.6 


386 


394.3 


147 


106.6 


207 


152.2 


267 


198.0 


327 


345.4 


387 


295.1 


148 


107.3 


208 


153.0 


268 


198.8 


828 


246.2 


388 


296.0 


149 


108.1 


209 


153.7 


269 


199.5 


329 


247 


389 


296.8 


160 


108.8 


210 


154.5 


270 


200.3 


330 


247.7 


390 


297.7 


151 


109.6 


211 


155.2 


271 


201.1 


331 


248.5 


391 


298.5 


152 


110.3 


212 


156.0 


272 


201.9 


332 


249.2 


393 


299.4 


153 


111.1 


213 


156.7 


273 


202.7 


833 


250.0 


393 


300.3 


154 


111.9 


214 


167.5 


274 


203.5 


334 


250.8 


394 


301.1 


155 


112.6 


215 


158.2 


275 


204.3 


335 


251.6 


895 


302.0 


156 


113.4 


216 


1590 


276 


205.1 


336 


252.5 


396 


802.8 


157 


114.1 


217 


169.7 


277 


205.9 


337 


253.3 


397 


303.7 


158 


114.9 


218 


160.4 


278 


206.7 


338 


254.1 


398 


804.6 


150 


115.6 


219 


161.2 


279 


207.5 


339 


254.9 

1 


399 
400 


3054 
306.3 
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48 METHODS OF ANALYSIS [Chap. 

DBXntOSB. 

50 ApproximaU Volumetric Method far Rapid Work. — TentaHve, 
Proceed as directed under 21 . Standardise the reagent against pure dextrose. 

51 Sozhlet Method.'-TenUUive. 

Proceed as directed under 23. Under these conditions 100 cc. of the reagent 

require 0.475 gram of anhydrous dextrose for complete reduction and the formula 

^ 100 X 0.476 ^ , . ^ 

becomes — — per cent of dextrose. 

52 General Grammetric Method, — tentative. 

Proceed as directed under 25 and obtain, from 27, the weight of dextrose equiT- 
alent to the weight of copper reduced. 

AUihn Gra»imetrie Method, — TentaHve. 

53 RBAOBNT. 

Allihn'e Modification of Fehling's ^o^u/ton.— Prepare by mixing, immediately 
before use, equal volumes of (a) and (b). 

(a) Copper sulphate solution, — Dissolve 34.639 grams of copper sulphate 
(CuS045HiO) in water and dilute to 500 cc. 

(b) Alkaline tartrate eolutton.— Dissolve 173 grams of Rochelle salts and 126 
grams of potassium hydroxid in water and dilute to 500 ce. 

54 DBTBRMINATION. 

Place 30 cc. of the copper sulphate solution, 30 ec. of the alkaline tartrate solu- 
tion, and 60 cc. of water in a beiJcer and heat to boiling. Add 25 ce. of the solution 
of the material to be examined, prepared so as not to contain more than 0.25 gram 
of dextrose, and boil for exactly 2 minutes, keeping the beaker covered. Filter 
immediately through asbestos, and obtain the weight of copper by one of the methods 
given under 26, 29-34 inclusive. The corresponding weight of dextrose is found 
in 55. 
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foods and feeding stuffs 

Table 7.— Aluhn's Table." 

For the determination of dextrose. 

[Ezpreosed in milligramB.] 



49 



OOPPBB 


cu- 
PBons 

OXID 


DSX- 
TBOSB 


oopraK 


cu- 

PBOU8 
OaID 


DBX- 
TBOU 


OOPPBB 


cu- 

PBOVB 
OaID 


DBX- 
TB08B 


COPPBB 


cu- 

PBOU8 
OXID 


DBX- 
TBOBB 


11 


12.4 


6.6 


71 


79.9 


36.3 


131 


147.5 


66.7 


191 


215.0 


97.8 


13 


13.5 


7.1 


73 


81.1 


36.8 


132 


148.6 


67.2 


192 


216.2 


98.4 


13 


14.6 


7.6 


73 


82.2 


37.8 


133 


149.7 


67.7 


193 


217.3 


98.9 


14 


15.8 


8.1 


74 


83.3 


37.8 


134 


150.9 


68.2 


194 


218.4 


99.4 


15 


16.9 


8.6 


75 


84.4 


88.3 


135 


152.0 


68.8 


195 


219.5 


100.0 


1« 


18.0 


9.0 


76 


85.6 


88.8 


136 


153.1 


69.3 


196 


220.7 


100.5 


17 


19.1 


9.5 


77 


86.7 


39.3 


187 


154.2 


69.8 


197 


221.8 


101.0 


18 


20.3 


10.0 


78 


87.8 


39.8 


138 


155.4 


70.3 


198 


222.9 


101.5 


19 


21.4 


10.5 


79 


88.9 


40.8 


139 


156.5 


70.8 


199 


224.0 


102.0 


20 


22.5 


11.0 


80 


90.1 


40.8 


140 


157.6 


71.3 


800 


225.2 


102.6 


21 


23.6 


11.5 


81 


91.2 


41.8 


141 


158.7 


71,8 


201 


226.3 


103.1 


22 


24.8 


12.0 


82 


92.3 


41.8 


142 


159.9 


72.8 


302 


227.4 


103.7 


23 


25.9 


12.5 


83 


93.4 


42.3 


143 


161.0 


72.9 


203 


228.5 


104.2 


24 


27.0 


13.0 


84 


94.6 


42.8 


144 


162.1 


73.4 


204 


229.7 


104.7 


25 ' 


28.1 


13.5 


85 


95.7 


48.4 


145 


163.2 


73.9 


205 


230.8 


105.8 


26 


29.3 


14.0 


86 


96.8 


43.9 


146 


164.4 


74.4 


206 


231.0 


105.8 


27 


80.4 


14.5 


87 


97.9 


44.4 


147 


165.5 


74.9 


207 


233.0 


106.8 


28 


31.5 


15.0 


88 


99.1 


44.9 


148 


166.6 


75.5 


208 


234.2 


106.8 


29 


32.7 


15.5 


89 


100.2 


45.4 


149 


167.7 


76.0 


209 


235.3 


107.4 


30 


33.8 


16.0 


90 


101.3 


45.9 


150 


168.9 


76.5 


210 


236.4 


107.9 


31 


84.9 


16.5 


91 


102.4 


46.4 


151 


170.0 


77.0 


211 


237.6 


108.4 


82 


86.0 


17.0 


92 


103.6 


46.9 


152 


171.1 


77.5 


212 


238.7 


109.0 


33 


87.2 


17.5 


93 


104.7 


47.4 


153 


172.3 


78.1 


213 


239.8 


109.5 


84 


88.3 


18.0 


94 


105.8 


47.9 


154 


173.4 


78.6 


214 


240.9 


110.0 


35 


30.4 


18.5 


95 


107.0 


48.4 


155 


174.5 


79.1 


215 


242.1 


110.6 


86 


405 


18.9 


96 


106.1 


48.9 


156 


175.6 


79.6 


216 


243.2 


111.1 


87 


41.7 


19.4 


97 


109.2 


49.4 


157 


176.8 


80.1 


217 


244.8 


111.6 


88 


42.8 


19.9 


98 


110.3 


49.9 


158 


177.9 


80.7 


218 


245.4 


112.1 


39 


48.9 


20.4 


99 


111.5 


50.4 


159 


179.0 


81.2 


219 


246.6 


112.7 


40 


45.0 


20.9 


100 


112.6 


50.9 


160 


180.1 


81.7 


220 


247.7 


113.2 


41 


46.2 


21.4 


101 


113.7 


51.4 


161 


181.3 


82.2 


221 


248.7 


113.7 


42 


47.3 


21.9 


102 


114.8 


51.9 


162 


182.4 


82.7 


222 


249.9 


114.8 


48 


48.4 


22.4 


103 


116.0 


52.4 


163 


183.5 


83.3 


228 


251.0 


114.8 


44 


49.5 


22.9 


104 


117.1 


52.9 


164 


184.6 


83.8 


224 


252.4 


115.3 


45 


50.7 


23.4 


105 


118.2 


53.5 


165 


185.8 


84.3 


225 


253.8 


115.9 


46 


51.8 


23.9 


106 


119.3 


54.0 


166 


186.9 


84.8 


226 


254.4 


116.4 


47 


53.9 


24.4 


107 


120.5 


54.5 


167 


188.0 


85.8 


227 


255.6 


116.9 


48 


540 


24.9 


106 


121.6 


55.0 


168 


189.1 


85.9 


228 


256.7 


117.4 


49 


55.2 


25.4 


109 


122.7 


55.5 


169 


190.3 


86.4 


229 


257.8 


118.0 


50 


56.3 


25.9 


110 


123.8 


56.0 


170 


191.4 


86.9 


280 


268.9 


118.5 


51 


57.4 


26.4 


111 


125.0 


56.5 


171 


192.5 


87.4 


231 


260.1 


119.0 


52 


58.5 


26.9 


112 


126.1 


57.0 


172 


193.6 


87.9 


232 


261.2 


119.6 


63 


59.7 


27.4 


113 


127.2 


57.5 


173 


194.8 


88.5 


233 


262.3 


120.1 


54 


60.8 


27.9 


114 


128.3 


58.0 


174 


195.9 


89.0 


234 


263.4 


120.7 


55 


61.9 


28.4 


115 


129.6 


58.6 


175 


197.0 


89.5 


235 


264.6 


121.2 


56 


63.0 


28.8 


116 


130.6 


59.1 


176 


198.1 


90.0 


236 


265.7 


121.7 


57 


64.2 


29.3 


117 


131.7 


59.6 


177 


199.3 


90.5 


237 


266.8 


122.3 


58 


65.3 


29.8 


118 


132.8 


60.1 


178 


200.4 


91.1 


238 


268.0 


122.8 


59 


66.4 


30.3 


119 


134.0 


60.6 


179 


201.5 


91.6 


239 


269.1 


123.4 


60 


67.6 


30.8 


120 


135.1 


61.1 


180 


202.6 


92.1 


240 


270.2 


123.9 


61 


68.7 


31.3 


121 


136.2 


61.6 


181 


203.8 


92.6 


241 


271.8 


124.4 


63 


69.8 


31.8 


122 


137.4 


62.1 


182 


204.9 


93.1 


242 


272.5 


125.0 


63 


70.9 


82.3 


123 


138.5 


62.6 


183 


206.0 


93.7 


243 


273.6 


125.5 


64 


72.1 


82.8 


124 


139.6 


63.1 


184 


207.1 


94.2 


244 


274.7 


126.0 


65 


73.2 


33.3 


125 


140.7 


63.7 


185 


208.8 


94.7 


245 


275.8 


126.6 


66 


74.8 


83.8 


126 


141 9 


64.2 


186 


209.4 


95.2 


246 


277.0 


127.1 


67 


75.4 


84.3 


127 


143.0 


64.7 


187 


210.5 


95.7 


247 


278.1 


127.6 


68 


76.6 


84.8 


128 


144.1 


65.2 


188 


211.7 


96.3 


248 


279.2 


128.1 


69 


77.7 


85.3 


129 


145.2 


65.7 


189 


212.8 


96.8 


249 


280.3 


128.7 


70 


78.8 


85.8 


130 


146.4 


66.2 


190 


213.9 


97.3 


250 


281.5 


129.2 
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BiETHODS OF ANALYSIS 

Table 7.— Allihn'S Table.— Continued. 

[Ezpreawd in millifnuns.] 



[Chap. 



ooppuk 


cu- 
pmons 

OaXD 


DBX- 
TBO«B 


COPPSB 


cu- 

PBOUB 
OXXD 


DBX- 
TBOSB 


COPPBB 


cu- 
PBons 

OXID 


D«X- 
TB08B 


OOPPBB 


cu- 

PBOUB 
OaID 


DBX- 
TBOU 


261 


282.6 


120.7 


306 


344.5 


150.8 


361 


406.4 


100.6 


416 


468.4 


222.2 


S61 


283.7 


130.3 


307 


345.6 


160.4 


362 


407.6 


101.1 


417 


460.5 


222.8 


S68 


284.8 


130.8 


308 


346.8 


160.0 


363 


408.7 


101.7 


418 


470.6 


223.3 


254 


286.0 


131.4 


300 


847.0 


161.5 


364 


400.8 


192.3 


410 


471.8 


223.0 


S5S 


287.1 


131.0 


310 


340.0 


162.0 


365 


410.0 


192.9 


420 


472.0 


224.5 


256 


288.2 


132.4 


311 


350.1 


162.6 


366 


412.1 


193.4 


421 


474.0 


225.1 


257 


280.8 


133.0 


312 


351.3 


163.1 


367 


413.2 


194.0 


422 


475.6 


225.7 


258 


200.5 


133.5 


313 


352.4 


163.7 


368 


414.3 


104.6 


423 


476.2 


226.8 


260 


201.6 


134.1 


314 


353.5 


164.2 


360 


415.4 


105.1 


424 


477.4 


226.9 


280 


202.7 


134.6 


315 


354.6 


164.8 


370 


416.6 


105.7 


425 


478.5 


227.5 


261 


203.8 


135.1 


316 


355.8 


165.3 


371 


417.7 


106.3 


426 


470.6 


228.0 


262 


205.0 


135.7 


317 


356.0 


165.9 


372 


418.8 


106.8 


427 


480.7 


228.6 


26S 


206.1 


136.2 


318 


358.0 


166.4 


373 


420.0 


107.4 


428 


481.0 


220.2 


264 


207.2 


136.8 


310 


850.1 


167.0 


374 


421.1 


198.0 


420 


483.0 


220.8 


265 


208.3 


137.3 


320 


360.3 


167.5 


375 


422.2 


198.6 


430 


484.1 


230.4 


266 


200.5 


137.8 


321 


361.4 


168.1 


376 


423.3 


199.1 


431 


485.3' 


231.0 


267 


800.6 


138.4 


322 


362.5 


168.6 


377 


424.5 


190.7 


432 


486.4 


231.6 


268 


801.7 


138.0 


323 


363.7 


160.2 


378 


425.6 


200.3 


433 


487.5 


232.2 


250 


302.8 


130.5 


324 


364.8 


160.7 


370 


426.7 


200.8 


434 


488.6 


232.8 


270 


804.0 


140.0 


325 


865.0 


170.3 


380 


427.8 


201.4 


435 


480.7 


233.4 


271 


305.1 


140.6 


326 


367.0 


170.0 


381 


420.0 


202.0 


436 


400.0 


233.0 


272 


306.2 


141.1 


327 


368.2 


171.4 


382 


430.1 


202.5 


437 


402.0 


234.5 


271 


307.3 


141.7 


328 


360.3 


172.0 


383 


431.2 


203.1 


438 


403.1 


235.1 


274 


308.5 


142.2 


320 


370.4 


172.5 


384 


432.3 


203.7 


430 


404.8 


235.7 


276 


300.6 


142.8 


830 


371.5 


173.1 


385 


433.5 


204.3 


440 


405.4 


236.8 


276 


310.7 


143.3 


331 


372.7 


173.7 


386 


434.6 


204.8 


441 


406.5 


236.0 


277 


311.0 


143.0 


332 


373.8 


174.2 


387 


435.7 


205.4 


442 


407.6 


237.5 


278 


313.0 


144.4 


333 


374.0 


174.8 


388 


436.8 


206.0 


443 


498.8 


238.1 


270 


314.1 


145.0 


334 


376.0 


175.3 


380 


438.0 


206.5 


444 


499.0 


238.7 


280 


315.2 


145.5 


335 


377.2 


175.0 


390 


439.1 


207.1 


445 


501.0 


230.3 


281 


816.4 


146.1 


336 


378.3 


176.5 


301 


440.2 


207.7 


446 


502.1 


230.8 


282 


317.5 


146.6 


337 


370.4 


177.0 


302 


441.3 


208.3 


447 


503.2 


240.4 


288 


318.6 


147.2 


338 


380.5 


177.6 


393 


442.4 


206.8 


448 


504.4 


241.0 


284 


310.7 


147.7 


330 


381.7 


178.1 


394 


443.6 


209.4 


440 


505.5 


241.6 


285 


820.0 


148.3 


340 


382.8 


178.7 


395 


444.7 


210.0 


450 


506.6 


242.2 


286 


322.0 


148.8 


341 


383.0 


170.3 


396 


445.0 


210.6 


451 


507.8 


242.8 


287 


323.1 


140 4 


342 


385.0 


170.8 


397 


447.0 


211.2 


452 


508.0 


243.4 


288 


324.2 


140.0 


343 


386.2 


180.4 


398 


448.1 


211.7 


453 


510.0 


244.0 


280 


325.4 


150.5 


344 


387.3 


180.0 


399 


440.2 


212.3 


454 


511.1 


244.6 


200 


326.5 


161.0 


345 


388.4 


181.5 


400 


450.3 


212.0 


455 


512.3 


245.2 


201 


327.4 


151.6 


346 


380.6 


182.1 


401 


451.5 


213.5 


456 


513.4 


245.7 


202 


328.7 


152.1 


347 


300.7 


182.6 


402 


452.6 


214.1 


457 


514.5 


246.3 


202 


320.0 


152.7 


348 


391.8 


183.2 


403 


453.7 


214.6 


458 


515.6 


246.9 


204 


331.0 


153.2 


340 


392.0 


183.7 


404 


454.8 


215.2 


450 


516.8 


247.5 


205 


332.1 


153.8 


350 


304.0 


184.3 


405 


456.0 


215.8 


460 


517.0 


248.1 


206 


333.3 


154.3 


351 


395.2 


184.0 


406 


457.1 


216.4 


461 


510.0 


248.7 


207 


334.4 


154.0 


352 


396.3 


185.4 


407 


458.2 


217.0 


462 


520.1 


240.3 


208 


335.5 


155.4 


353 


307.4 


186.0 


408 


459.4 


217.5 


463 


521.3 


240.9 


200 


336.6 


156.0 


354 


3986 


186.6 


409 


460.5 


218.1 








800 


337.8 


156.5 


355 


309.7 


187.2 


410 


461.6 


218.7 








801 


338.0 


167.1 


356 


400.8 


187.7 


411 


462.7 


210.3 








202 


340.0 


157.6 


357 


401.0 


188.3 


412 


463.8 


219.9 








803 


341.1 


158.2 


358 


403.1 


188.9 


413 


465.0 


220.4 








204 


3423 


158.7 


350 


404.2 


189.4 


414 


466.1 


221.0 








205 


343.4 


159.3 


360 


405.3 


190.0 


415 


467.2 


221.6 
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Vlll] FOODS AND FEEDING STUFFS 51 

5$ RBDUCIITO SUGARS OTHBR THAN DBZTROSB. 

Proceed as directed under 54 and multiply the weight of dextrose found in 55 
by the following factors: 

Levulose, 1.093; 
Invert sugar, 1.046; 
Arabinose, 0.969; 
Xylose, 1.017; 

Galactose; 1.114. 

Total Sugars.^^ 
(Applicable to cattle foods.) 

57 PREPARATION OF SOLUTION. 

Place 12 grams of the material in a 300 cc. graduated flask, if the substance has an 
acid reaction add 1-3 grams of calcium carbonate, and boil on a steam bath fori hour 
with 150 cc. of 50% alcohol by volume, using a small funnel in the neck of the flask 
to condense the vapor. Cool, and allow the mixture to stand several hours, prefer- 
ably overnight. Make up to volume with neutral 95% alcohol, mix thoroughly, 
allow to settle, transfer 200 cc. to a beaker with a pipette, and evaporate on a steam 
bath to a volume of 20-30 cc. 

, Do not evaporate to dryness, a little alcohol in the residue doing no harm. Trans- 
fer to a 100 cc. graduated flask, and rinse the beaker thoroughly with water, adding 
the rinsings to the contents of the flask. Add enough saturated neutral lead acetate 
solution to produce a flocculent precipitate, shake thoroughly and allow to stand 15 
minutes. Make up to the mark with water, mix thoroughly, and filter through a 
dry filter. Add sufficient anhydrous sodium carbonate to the filtrate to precipitate 
all the lead, again filter through a dry paper and test the filtrate with a little anhy- 
drous sodium carbonate to make sure that all the lead has been removed. 

58 DETERMINATION OF REDUCING SUGARS, 

Proceed as directed under 26 or 29-34 respectively, employing the Soxhlet 
modification of Fehling's solution and using 25 cc. of the solution (representing 2 
grams of the sample), prepared as directed in 57. Express the results as dextrose 
or invert sugar. 

59 SUCROSE. 

Introduce 50 cc. of the solution, prepared as directed in 57, into a 100 cc. gradu- 
ated flask, add a piece of litmus paper, neutralize with acetic acid, add 5 cc. of con- 
centrated hydrochloric acid and allow the inversion to proceed at room temperature 
as directed under 14 or 16. When inversion is complete, transfer the solution to a 
beaker, neutralize with sodium carbonate, return the solution to the 100 cc. flask, 
dilute to the mark with water, filter if necessary and determine reducing sugars in 
50 cc. of the solution (representing 2 grams of the sample) as directed in 58, and 
calculate the results as invert sugar. Subtract the per cent of reducing sugars be- 
fore inversion from the per cent of total sugar after inversion, both calculated as 
invert sugar, and multiply the difference by 0.95 to obtain the per cent of sucrose 
present. 

Since the insoluble material of grain or cattle food occupies some space in the 
flask as originally made up, it is necessary to correct for this volume. Results 
of a large number of determinations on various materials have shown the average 
volume of 12 grams of material to be 9 cc, and therefore to obtain the true amount 
of sugars present all results must be multiplied by the factor 0.97. 
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52 METHODS OF ANALYSIS [Chap. 

STARCH. 

60 Direct Add Hydrolysis (Modified Sachsse Method). — Official. 

(In this method there will be included as starch the pentosans and other carbo- 
hydrate bodies present which undergo hydrolysis and conversion into reducing 
sugars on boiling with hydrochloric acid.) 

Stir a quantity of the sample, representing 2.5-3 grams of the dry material, in a 
beaker with 50 cc. of cold water for an hour. Transfer to a filter and wash with 
250 cc. of cold water. Heat the insoluble residue for 2) hours with 200 cc. of water 
and 20 cc. of hydrochloric acid (sp. gr. 1.125) in a flask provided with a reflux con- 
denser. Cool, and nearly neutralize with sodium hydroxid. Complete the volume 
to 250 cc, filter, and determine the dextrose in an aliquot of the filtrate as directed 
under 52 or 54. The weight of the dextrose obtained multiplied by 0.90 gives the 
weight of starch. 

The factor 0.9 is the theoretical ratio between starch and glucose but, according 
to Noyes^'and other investigators, the factor 0.93 more nearly approaches the actual 
jrield. 

Di<ist€ise Method with Svbsequent Acid Hydrolysis. — Tentative, 

61 REAGENT. 

Malt extract. — Digest 10 grams of fresh, finely ground malt for 2-3 hours at or- 
dinary temperature with 200 cc. of water and filter. Determine the amount of dex- 
trose in a given quantity of the filtrate after boiling with acid, etc., as in the starch 
determination, and make the proper correction in the subsequent determination. 
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DETERMINATION. 



Extract a convenient quantity of the substance (ground to an impalpable powder 
and representing 4-5 grams of the dry material) on a hardened filter with 5 successive 
portions of 10 cc. of ether; wash with 150 cc. of 10% alcohol and then with a little strong 
alcohol. Place the residue in a beaker with 50 cc. of water, immerse the beaker in boil- 
ing water, and stir constantly for 15 minutes or until all the starch is gelatinized: cool 
to 55°C., add 20 cc. of malt extract, and maintain at this temperature for an hour. 
Heat again to boiling for a few minutes, cool to55^C., add 20 cc. of malt extract, and 
maintain at this temperature for an hour or until the residue treated with iodin shows 
no blue color upon microscopic examination. Cool, make up directly to 250 cc, and 
filter. Place 200 cc. of the filtrate in a flask with 20 cc. of hydrochloric acid (sp. gr. 
1.125) ; connect with a reflux condenser and heat in a boiling water bath for 2) hours. 
Cool, nearly neutralize with sodium hydroxid solution, finish the neutralization 
with sodium carbonate solution, and make up to 500 cc Mix the solution well, pour 
through a dry filter, and determine the dextrose in an aliquot as directed under 
52 or 54. Conduct a blank determination upon the same volume of the malt 
extract as used upon the sample and correct the weight of reduced copper accord- 
ingly. The weight of the dextrose obtained multiplied by 0.90 gives the weight of 
starch. 

PBHTOSANS.— TBRTATIVE. 

63 REAGENT. 

Phloroglucin. — Dissolve a small quantity of the phloroglucin in a few drops of 
acetic anhydrid, heat almost to boiling, and add a few drops of concentrated sul- 
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Vm] FOODS AND FEEDING STUFFS 53 

phuric acid. A violet color indicates the presence of diresorcin. A phloroglucin 
which gives more than a faint coloration may be purified by the following method: 
Heat in a beaker about 300 cc. of hyd -ochloric acid (sp. gr. 1.06) and 11 grams of 
commercial phloroglucin, added in small quantities at a time» stirring constantly 
until it has almost entirely dissolved. Pour the hot solution into a sufficient quan- 
tity of the same hydrochloric acid (cold) to make the volume 1590 cc. Allow it 
to stand at least overnight, preferably several da3rs, to permit the di-esorcin to 
crystallize out. Filter immediately before using. A yellow tint does not inter- 
fere with its usefulness. In using it, add the volume containing the required amount 
to the distillate. 



DETERMINATION. 



64 

Place a quantity of the material, 2-5 grams, chosen so that the weight of phloro- 
glucid obtained shall not exceed 0.300 gram, in a 300 cc. distillation flask, together 
with 100 cc. of 12% hydrochloric acid (sp. gr. 1.08), and several pieces of recently 
heated pumice stone. Place the flask on a wire gauze, connect with a condenser, 
and heat, rather gently at first, and regulate so as to distil over 30 cc. in about 10 
minutes, the distillate passing through a small filter paper. Rep' ace the 30 cc. 
distilled by a like quantity of the dilute acid, added by means of a separatory funnel 
in such a manner as to wash down the particles adhering to the sides of the flask, and 
continue the process until the distillate amounts to 360 cc. To the total distillate 
add gradually a quantity of phloroglucin dissolved in 12% hydrochloric acid and 
stir thoroughly the resulting mixture. The amount of phloroglucin used should be 
about double that of the furfural expected. The solution turns first yellow, then 
green, and very soon an amorphous greenish precipitate appears, which grows 
darker rapidly, till it becomes finally almost black. Make the solution up to 400 
cc. with 12% hydrochloric acid, and allow to stand overnight. 

Filter the amorphous black precipitate into a tared Gooch crucible through an 
asbestos mat, wash carefully with 150 cc. of water in such a way that the water is 
not entirely removed from the crucible until the very last, then dry for 4 hours at 
the temperature of boiling water, cool and weigh in a weighing bottle, the increase 
in weight being reckoned as furfural phloroglucid. To calculate the furfural, pen- 
tose, or pentosan from the phloroglucid, use the following formulas given by Krober: 

(1) For a weight of phloroglucid, designated by "a" in the following formulas, 
under 0.03 gram. 

Furfural = (a + 0.0052) X 0.5170. 

Pentoses = (a + 0.0052) X 1.0170. 

Pentosans = (a + 0.0052) X 0.8949. 

In the above and also in the following formulas, the factor 0.0052 represents the 
weight of phloroglucid which remains dissolved ii the 400 cc. of acid solution. 

(2) For a weight of phloroglucid "a" over 0.300 gram. 

Furfural = (a + 0.0052) X 0.5180. 

Pentoses = (a + 0.0052) X 1.0026. 

Pentosans = (a + 0.0052) X 0.8824. 

For a weight of phloroglucid "a" betveen 0.03 and 0.300 gram use KrOber's 
table, 65, or the following formulas in which the factors were calculated from 
Krober's tables by C. A. Browne, " 

Furfural = (a + 0.0052) X 0.5185. 

Pentoses = (a + 0.0052) X 1.0075. 

Pentosans = (a + 0.0052) X 0.5 
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Table 8.— Krober'b Table." 

For Determining Pentoses and Pentosans. 
lExpressed in grains.) 



[Chap. 



PHLOBOOLUCXD 


rUBTDRAL 


ARABIN08B 




XTLOflB 


ZTLAN 


PB1CT08B 


PBNTOtAM 


0.030 


0.0182 


0.0391 


0.0344 


0.0324 


0.0285 


0.0358 


0.0315 


0.031 


0.0188 


0.0402 


0.0354 


0.0333 


0.0293 


0.0368 


0.0324 


0.032 


0.0193 


0.0413 


0.0363 


0.0342 


0.0301 


0.0378 


0.0333 


0.033 


0.0198 


0.0424 


0.0373 


0.0352 


0.0309 


0.0388 


0.0341 


0.034 


0.0203 


0.0435 


0.0383 


0.0361 


0.0317 


0.0398 


0.0350 


0.035 


0.0209 


0.0446 


0.0393 


0.0370 


0.0326 


0.0408 


0.0359 


0.036 


0.0214 


0.0457 


0.0402 


0.0379 


0.0334 


0.0418 


0.0368 


0.037 


0.0219 


0.0468 


0.0412 


0.0388 


0.0342 


0.0428 


0.0377 


0.038 


0.0224 


0.0479 


0.0422 


0.0398 


0.0350 


0.0439 


0.0386 


0.039 


0.0229 


0.0490 


0.0431 


0.0407 


0.0358 


0.0449 


0.0395 


0.040 


0.0235 


0.0501 


0.0441 


0.0416 


0.0366 


0.0459 


0.0404 


0.041 


0.0240 


0.0512 


0.0461 


0.0425 


0.0374 


0.0469 


0.0413 


0.042 


0.0245 


0.0523 


0.0460 


.0.0434 


0.0382 


0.0479 


0.0422 


0.043 


0.0250 


0.0534 


0.0470 


0.0443 


0.0390 


0.0489 


0.0431 


0.044 


0.0255 


0.0545 


0.0480 


0.0452 


0.0398 


0.0499 


0.0440 


0.046 


0.0260 


0.0556 


0.0490 


0.0462 


0.0406 


0.0509 


0.0448 


0.046 


0.0266 


0.0567 


0.0499 


0.0471 


0.0414 


0.0519 


0.0457 


0.047 


0.0271 


0.0578 


0.0509 


0.0480 


0.0422 


0.0529 


0.0466 


0.048 


0.0276 


0.0589 


0.0619 


0.0489 


0.0430 


0.0539 


0.0475 


0.049 


0.0281 


0.0600 


0.0528 


0.0498 


0.0438 


0.0549 


0.0484 


0.050 


0.0286 


0.0611 


0.0538 


0.0507 


0.0446 


0.0659 


0.0492 


0.051 


0.0292 


0.0622 


0.0548 


0.0616 


0.0454 


0.0569 


0.0501 


0.052 


0.0297 


0.0633 


0.0557 


0.0525 


0.0462 


0.0679 


0.0510 


0.053 


0.0302 


0.0644 


0.0567 


0.0534 


0.0470 


0.0589 


0.0519 


0.054 


0.0307 


0.0655 


0.0576 


0.0543 


0.0478 


0.0599 


0.0528 


0.055 


0.0312 


0.0666 


0.0586 


0.0553 


0.0486 


0.0610 


0.0537 


0.056 


0.0318 


0.0677 


0.0596 


0.0562 


0.0494 


0.0620 


0.0546 


0.057 


0.0323 


0.0688 


0.0605 


0.0571 


0.0502 


0.0630 


0.0555 


0.058 


0.0328 


0.0699 


0.0615 


0.0580 


0.0510 


0.0640 


0.0564 


0.059 


0.0333 


0.0710 


0.0624 


0.0589 


0.0518 


0.0650 


0.0573 


0.060 


0.0338 


0.0721 


0.0634 


0.0598 


0.0526 


0.0660 


0.0581 


0.061 


0.0344 


0.0732 


0.0644 


0.0607 


0.0534 


0.0670 


0.0690 


0.062 


0.a349 


0.0743 


0.0653 


0.0616 


0.0542 


0.0680 


0.0599 


0.063 


0.0354 


0.0754 


0.0663 


0.0626 


0.0550 


0.0690 


0.0608 


0.064 


0.0359 


0.0765 


0.0673 


0.0635 


0.0558 


0.0700 


0.0617 


0.065 


0.0364 


0.0776 


0.0683 


0.0644 


0.0567 


0.0710 


0.0625 


0.066 


0.0370 


0.0787 


0.0692 


0.0653 


0.0575 


0.0720 


0.0634 


0.067 


0.0375 


0.0798 


0.0702 


0.0662 


0.0583 


0.0730 


0.0643 


0.068 


0.0380 


0.0809 


0.0712 


0.0672 


0.0591 


0.0741 


0.0652 


0.069 


0.0385 


0.0820 


0.0721 


0.0681 


0.0599 


0.0751 


0.0661 


0.070 


0.0390 


0.0831 


0.0731 


0.0690 


0.0607 


0.0761 


0.0670 


0.071 


0.0396 


0.0842 


0.0741 


0.0699 


0.0615 


0.0771 


0.0679 


0.072 


0.0401 


0.0853 


0.0750 


0.0708 


0.0623 


0.0781 


0.0688 


0.073 


0.0406 


0.0864 


0.0760 


0.0717 


0.0631 


0.0791 


0.0697 


0.074 


0.0411 


0.0875 


0.0770 


0.0726 


0.0639 


0.0801 


0.0706 
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Table 8.— Krober'S Table.— Continued. 

[Exprewed in snuns.] 
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FHLOBOQLUCID 


ruaruBAL 


ABABIMOtti 




XTLOSB 


XTLAN 


psmou 


raXTOAAlV 


0.075 


0.0416 


0.0886 


0.0780 


0.0736 


0.0647 


0.0811 


0.0714 


0.076 


0.0422 


0.0897 


0.0789 


0.0745 


0.0655 


0.0821 


0.0722 


0.077 


0.0427 


0.0908 


0.0799 


0.0754 


0.0663 


0.0831 


0.0731 


0.078 


0.0432 


0.0919 


0.0809 


0.0763 


0.0671 


0.0841 


0.0740 


0.079 


0.0437 


0.0930 


0.0818 


0.0772 


0.0679 


0.0851 


0.0749 


0.080 


0.0442 


0.0941 


0.082R 


0.0781 


0.0687 


0.0861 


0.0768 


0.081 


0.0448 


0.0952 


0.0838 


0.0790 


0.0695 


0.0871 


0.0767 


0.082 


0.0453 


0.0963 


0.0847 


0.0799 


0.0703 


0.0881 


0.0776 


0.083 


0.0458 


0.0974 


0.0857 


0.0808 


0.0711 


0.0891 


0.0785 


0.084 


0.0463 


0.0985 


0.0867 


0.0817 


0.0719 


0.0901 


0.0794 


0.085 


0.0468 


0.0996 


0.0877 


0.0827 


0.0727 


0.0912 


0.0803 


0.086 


0.0474 


0.1007 


0.0886 


0.0836 


0.0735 


0.0922 


0.0812 


0.087 


0.0479 


0.1018 


0.0896 


0.0845 


0.0743 


0.0932 


0.0821 


0.088 


0.0484 


0.1029 


0.0906 


0.0854 


0.0751 


0.0942 


0.0830 


0.089 


0.0489 


0.1040 


0.0915 


0.0863 


0.0759 


0.0952 


0.0838 


0.090 


0.0494 


0.1051 


0.0925 


0.0872 


0.0767 


0.0962 


0.0847 


0.091 


0.0499 


0.1062 


0.0935 


0.0881 


0.0775 


0.0972 


0.0856 


0.092 


0.0505 


0.1073 


0.0944 


0.0890 


0.0783 


0.0982 


0.0865 


0.093 


0.0510 


0.1084 


0.0954 


0.0900 


0.0791 


0.0992 


0.0874 


0.094 


0.0515 


0.1095 


0.0964 


0.0909 


0.0800 


0.1002 


0.0883 


0.095 


0.0520 


0.1106 


0.0974 


0.0918 


0.0808 


0.1012 


0.0891 


0.096 


0.0525 


0.1117 


0.0983 


0.0927 


0.0816 


0.1022 


0.0899 


0.097 


0.0531 


0.1128 


0.0993 


0.0936 


0.0824 


0.1032 


0.0908 


0.098 


0.0536 


0.1139 


0.1003 


0.0946 


0.0832 


0.1043 


0.0917 


0.099 


0.0541 


0.1150 


0.1012 


0.0955 


0.0840 


0.1053 


0.0926 


0.100 


0.0546 


0.1161 


0.1022 


0.0964 


0.0648 


0.1063 


0.0935 


0.101 


0.0551 


0.1171 


0.1032 


0.0973 


0.0856 


0.1073 


0.0944 


0.102 


0.0557 


0.1182 


0.1041 


0.0982 


0.0864 


0.1083 


0.0953 


0.103 


0.0562 


0.1193 


0.1051 


0.0991 


0.0872 


0.1093 


0.0962 


0.104 


0.0567 


0.1204 


0.1060 


0.1000 


0.0880 


0.1103 


0.0971 


0.105 


0.0572 


0.1215 


0.1070 


0.1010 


0.0888 


0.1113 


0.0979 


0.106 


0.0577 


0.1226 


0.1080 


0.1019 


0.0896 


0.1123 


0.0988 


0.107 


0.0582 


0.1237 


0.1089 


0.1028 


0.0904 


0.1133 


0.0997 


0.108 


0.0588 


0.1248 


0.1099 


0.1037 


0.0912 


0.1143 


0.1006 


0.109 


0.0593 


0.1259 


0.1108 


0.1046 


0.0920 


0.1153 


0.1015 


0.110 


0.0598 


0.1270 


0.1118 


0.1055 


0.0928 


0.1163 


0.1023 


0.111 


0.0603 


0.1281 


0.1128 


0.1064 


0.0936 


0.1173 


0.1032 


0.112 


0.0608 


0.1292 


0.1137 


0.1073 


0.0944 


0.1183 


0.1041 


0.113 


0.0614 


0.1303 


0.1147 


0.1082 


0.0952 


0.1193 


0.1050 


0.114 


0.0619 


0.1314 


0.1156 


0.1091 


0.0960 


0.1203 


0.1059 


0.115 


0.0624 


0.1325 


0.1166 


0.1101 


0.0968 


0.1213 


0.1067 


0.116 


0.0629 


0.1336 


0.1176 


0.1110 


0.0976 


0.1223 


0.1076 


0.117 


0.0634 


0.1347 


0.1185 


0.1119 


0.0984 


0.1233 


0.1085 


0.118 


0.0640 


0.1358 


0.1195 


0.1128 


0.0992 


0.1243 


0.1094 


0.119 


0.0645 


0.1369 


0.1204 


0.1137 


0.1000 


0.1253 


0.1103 
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Table 8.— Kr6ber»s Table.— Continued. 

[Expreawd in grams.! 



[Chap. 



rUBPUBAt 
FBLOBOOLUaO 


PUBrDBAL 


ABABIN08S 


ABABAN 


XTLOSB 


XTLAM 




PBMTOSAlf 


0.120 


0.0650 


0.1380 


0,1214 


0.1146 


0.1008 


0.1263 


0.1111 


0.121 


0.0655 


0.1391 


0.1224 


0.1155 


0.1016 


0.1273 


0.1120 


0.122 


0.0660 


0.1402 


0.1233 


0.1164 


0.1024 


0.1283 


0.1129 


0.123 


0.0665 


0.1413 


0.1243 


0.1173 


0.1032 


0.1293 


0.1138 


0.124 


0.0671 


0.1424 


0.1253 


0.1182 


0.1040 


0.1303 


0.1147 


0.125 


0.0676 


0.1435 


0.1263 


0.1192 


0.1049 


0.1314 


0.1156 


0.126 


0.0681 


0.1446 


0.1272 


0.1201 


0.1057 


0.1324 


0.1165 


0.127 


0.0686 


0.1457 


0.1282 


0.1210 


0.1065 


0.1334 


0.1174 


0.128 


0.0691 


0.1468 


0.1292 


0.1219 


0.1073 


0.1344 


0.1183 


0.129 


0.0697 


0.1479 


0.1301 


0.1228 


0.1081 


0.1354 


0.1192 


0.130 


0.0702 


0.1490 


0.1311 


0.1237 


0.1089 


0.1364 


0.1201 


0.131 


0.0707 


0.1501 


0.1321 


0.1246 


0.1097 


0.1374 


0.1210 


0.132 


0.0712 


0.1512 


0.1330 


0.1255 


0.1105 


0.1384 


0.1219 


0.133 


0.0717 


0.1523 


0.1340 


0.1264 


0.1113 


0.1394 


0.1227 


0.134 


0.0723 


0.1534 


0.1350 


0.1273 


0.1121 


0.1404 


0.1236 


0.135 


0.0728 


0.1545 


0.1360 


0.1283 


0.1129 


0.1414 


0.1244 


0.136 


0.0733 


0.1556 


0.1369 


0.1292 


0.1137 


0.1424 


0.1253 


0.137 


0.0738 


0.1567 


0.1379 


0.1301 


0.1145 


0.1434 


0.1262 


0.138 


0.0743 


0.1578 


0.1389 


0.1310 


0.1153 


0.1444 


0.1271 


0.139 


0.0748 


0.1589 


0.1398 


0.1319 


0.1161 


0.1454 


0.1280 


0.140 


0.0754 


0.1600 


0.1408 


0.1328 


0.1169 


0.1464 


0.1288 


0.141 


0.0759 


0.1611 


0.1418 


0.1337 


0.1177 


0.1474 


0.1297 


0.142 


0.0764 


0.1622 


0.1427 


0.1346 


0.1185 


0.1484 


0.1306 


0.143 


0.0769 


0.1633 


0.1437 


0.1355 


0.1193 


0.1494 


0.1315 


0.144 


0.0774 


0.1644 


0.1447 


0.1364 


0.1201 


0.1504 


0.1324 


0.145 


0.0780 


0.1655 


0.1457 


0.1374 


0.1209 


0.1515 


0.1333 


0.146 


0.0785 


0.1666 


0.1466 


0.1383 


0.1217 


0.1525 


0.1342 


0.147 


0.0790 


0.1677 


0.1476 


0.1392 


0.1225 


0.1535 


0.1351 


0.148 


0.0795 


0.1688 


0.1486 


0.1401 


0.1233 


0.1545 


0.1360 


0.149 


0.0800 


0.1699 


0.1495 


0.1410 


0.1241 


0.1555 


0.1369 


0.150 


0.0805 


0.1710 


0.1505 


0.1419 


0.1249 


0.1565 


0.1377 


0.151 


0.0811 


0.1721 


0.1515 


0.1428 


9.1257 


0.1575 


0.1386 


0.152 


0.0816 


0.1732 


0.1524 


0.1437 


0.1265 


0.1585 


0.1395 


0.153 


0.0821 


0.1743 


0.1534 


0.1446 


0.1273 


0.1595 


0.1404 


0.154 


0.0826 


0.1754 


0.1544 


0.1455 


0.1281 


0.1605 


0.1413 


0.155 


0.0831 


0.1765 


0.1554 


0.1465 


0.1289 


0.1615 


0.1421 


0.156 


0.0837 


0.1776 


0.1563 


0.1474 


0.1297 


0.1625 


0.1430 


0.157 


0.0842 


0.1787 


0.1573 


0.1483 


0.1305 


0.1635 


0.1439 


0.158 


0.0847 


0.1798 


0.1583 


0.1492 


0.1313 


0.1645 


0.1448 


0.159 


0.0852 


0.1809 


0.1592 


0.1501 


0.1321 


0.1655 


0.1457 


0.160 


0.0857 


0.1820 


0.1602 


0.1510 


0.1329 


0.1665 


0.1465 


0.161 


0.0863 


0.1831 


0.1612 


0.1519 


0.1337 


0.1675 


0.1474 


0.162 


0.0868 


0.1842 


0.1621 


0.1528 


0.1345 


0.1685 


0.1483 


0.163 


0.0873 


0.1853 


0.1631 


0.1537 


0.1353 


0.1695 


0.1492 


0.164 


0.0878 


0.1864 


0.1640 


0.1546 


0.1361 


0.1705 


0.1501 
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ru«ruBAL 

FHLOBOOLUaD 


FURFURAL 


▲RABIMOSR 


▲RABAN 


XTL08R 


XTLAN 


PBNTO'tR 


PRMTOSAir 


0.165 


0.0883 


0.1875 


0.1650 


0.1556 


0.1369 


0.1716 


0.1510 


0.166 


0.0888 


0.1886 


0.1660 


0.1565 


0.1377 


0.1726 


0.1619 


0.167 


0.0894 


0.1897 


0.1669 


0.1574 


0.1385 


0.1736 


0.1528 


0.168 


0.0899 


0.1908 


0.1679 


0.1583 


0.1393 


0.1746 


0.1537 


0.169 


0.0904 


0.1919 


0.1688 


0.1592 


0.1401 


0.1756 


0.1546 


0.170 


0.0909 


0.1930 


0.1698 


0.1601 


0.1409 


0.1766 


0.1554 


0.171 


0.0914 


0.1941 


0.1708 


0.1610 


0.1417 


0.1776 


0.1663 


0.172 


0.0920 


0.1952 


0.1717 


0.1619 


0.1425 


0.1786 


0.1672 


0.173 


0.0925 


0.1963 


0.1727 


0.1628 


0.1433 


0.1796 


0.1681 


0.174 


0.0930 


0.1974 


0.1736 


0.1637 


0.1441 


0.1806 


0.1590 


0.175 


0.0935 


0.1985 


0.1746 


0.1647 


0.1449 


0.1816 


0.1598 


0.176 


0.0940 


0.1996 


0.1756 


0.1656 


0.1457 


0.1826 


0.1607 


0.177 


0.0946 


0.2007 


0.1765 


0.1665 


0.1465 


0.1836 


0.1616 


0.178 


0.0951 


0.2018 


0.1775 


0.1674 


0.1473 


o:ll^ 


0.1625 


0.179 


0.0956 


0.2029 


0.1784 


0.1683 


0.1481 


0.1634 


0.180 


0.0961 


0.2039 


0.1794 


0.1692 


0.1489 


0.1866 


0.1642 


0.181 


0.0966 


0.2050 


0.1804 


0.1701 


0.1497 


0.1876 


0.1661 


0.182 


0.0971 


0.2061 


0.1813 


0.1710 


0.1505 


0.1886 


0.1660 


0.183 


0.0977 


0.2072 


0.1823 


0.1719 


0.1513 


0.1896 


0.1669 


0.184 


0.0982 


0.2082 


0.1832 


0.1728 


0.1521 


0.1906 


0.1678 


0.185 


0.0987 


0.2093 


0.1842 


0.1738 


0.1529 


0.1916 


0.1686 


0.186 


0.0992 


0.2104 


0.1851 


0.1747 


0.1537 


0.1926 


0.1695 


0.187 


0.0997 


0.2115 


0.1861 


0.1756 


0.1645 


0.1936 


0.1704 


0.188 


0.1003 


0.2126 


0.1870 


0.1765 


0.1553 


0.1946 


0.1712 


0.189 


0.1008 


0.2136 


0.1880 


0.1774 


0.1561 


0.1955 


0.1721 


0.190 


0.1013 


0.2147 


0.1889 


0.1783 


0.1569 


0.1966 


0.1729 


0.191 


0.1018 


0.2158 


0.1899 


0.1792 


0.1577 


0.1075 


0.1738 


0.192 


0.1023 


0.2168 


0.1908 


0.1801 


0.1585 


0.1985 


0.1747 


0.193 


0.1028 


0.2179 


0.1918 


0.1810 


0.1593 


0.1996 


0.1756 


0.194 


0.1034 


0.2190 


0.1927 


0.1819 


0.1601 


0.2005 


0.1764 


0.195 


0.1039 


0.2201 


0.1937 


0.1829 


0.1609 


0.2016 


0.1773 


0.196 


0.1044 


0.2212 


0.1946 


0.1838 


0.1617 


0.2026 


0.1782 


0.197 


0.1049 


0.2222 


0.1956 


0.1847 


0.1625 


0.2036 


0.1791 


0.198 


0.1054 


0.2233 


0.1965 


0.1856 


0.1633 


0.2045 


0.1800 


0.199 


0.1059 


0.2244 


0.1975 


0.1865 


0.1641 


0.2066 


0.1808 


0.200 


0.1065 


0.2255 


0.1984 


0.1874 


0.1649 


0.2066 


0.1817 


0.201 


0.1070 


0.2266 


0.1994 


0.1883 


0.1657 


0.2075 


0.1826 


0.202 


0.1076 


0.2276 


0.2003 


0.1892 


0.1666 


0.2085 


0.1835 


0.203 


0.1080 


0.2287 


0.2013 


0.1901 


0.1673 


0.2096 


0.1844 


0.204 


0.1085 


0.2298 


0.2022 


0.1910 


0.1681 


2105 


0.1853 


0.205 


0.1090 


0.2309 


0.2032 


0.1920 


0.1689 


0.2116 


0.1861 


0.206 


0.1096 


0.2320 


0.2041 


0.1929 


0.1697 


0.2125 


0.1869 


0.207 


0.1101 


0.2330 


0.2051 


0.1938 


0.1705 


0.2134 


0.1878 


0.208 


0.1106 


0.2341 


0.2060 


0.1947 


0.1713 


0.2144 


0.1887 


0.209 


0.1111 


0.2352 


0.2069 


0.1956 


0.1721 


0.2154 


0.1896 
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[Chap. 



rURPURAL 
PHLOBOOLUaD 


ruBrnsiWL 


▲RABZNOBS 


A.BABAN 


ZTLOSB 


XTLAN 


PBIITOBB 


FBHTOBAlf 


0.210 


0.1116 


0.2363 


0.2079 


0.1965 


0.1729 


0.2164 


0.1904 


0.211 


0.1121 


0.2374 


0.2089 


0.1975 


0.1737 


0.2174 


0.1913 


0.212 


0.1127 


0.2384 


0.2098 


0.1984 


0.1745 


0.2184 


0.1922 


0.213 


0.1132 


0.2395 


0.2108 


0.1993 


0.1753 


0.2194 


0.1931 


0.214 


0.1137 


0.2406 


0.2117 


0.2002 


0.1761 


0.2204 


0.1940 


0.216 


0.1142 


0.2417 


0.2127 


0.2011 


0.1770 


0.2214 


0.1948 


0.216 


0.1147 


0.2428 


0.2136 


0.2020 


0.1778 


0.2224 


0.1957 


0.217 


0.1152 


0.2438 


0.2146 


0.2029 


0.1786 


0.2234 


0.1966 


0.218 


0.1158 


0.2449 


0.2165 


0.2038 


0.1794 


0.2244 


0.1974 


0.219 


0.1163 


0.2460 


0.2165 


0.2047 


0.1802 


0.2264 


0.1983 


0.220 


0.1168 


0.2471 


0.2174 


0.2057 


0.1810 


0.2264 


0.1992 


0.221 


0.1173 


0.2482 


0.2184 


0.2066 


0.1818 


0.2274 


0.2001 


0.222 


0.1178 


0.2492 


0.2193 


0.2075 


0.1826 


0.2284 


0.2010 


0.223 


0.1183 


0.2503 


0.2203 


0.2084 


0.1834 


0.2294 


0.2019 


0.224 # 


0.1189 


0.2514 


0.2212 


0.2093 


0.1842 


0.2304 


0.2028 


0.226 


0.1194 


0.2525 


0.2222 


0.2102 


0.1850 


0.2314 


0.2037 


0.226 


0.1199 


0.2536 


0.2232 


0.2111 


0.1858 


0.2324 


0.2046 


0.227 


0.1204 


0.2546 


0.2241 


0.2121 


0.1866 


0.2334 


0.2064 


0.228 


0.1209 


0.2667 


0.2251 


0.2130 


0.1874 


0.2344 


0.2063 


0.229 


0.1214 


0.2568 


0.2260 


0.2139 


0.1882 


0.2354 


0.2072 


0.230 


0.1220 


0.2679 


0.2270 


0.2148 


0.1890 


0.2364 


0.2081 


0.231 


0.1225 


0.2590 


0.2280 


0.2167 


0.1898 


0.2374 


0.2089 


0.232 


0.1230 


0.2600 


0.2289 


0.2166 


0.1906 


0.2383 


0.2097 


0.233 


0.1236 


0.2611 


0.2299 


0.2176 


0.1914 


0.2393 


0.2106 


0.234 


0.1240 


0.2622 


0.2308 


0.2184 


0.1922 


0.2403 


0.2116 


0.236 


0.1246 


0.2633 


0.2318 


0.2193 


0.1930 


0.2413 


0.2124 


0.236 


0.1261 


0.2644 


0.2327 


0.2202 


0.1938 


0.2423 


0.2132 


0.237 


0.1256 


0.2654 


0.2337 


0.2211 


0.1946 


0.2433 


0.2141 


0.238 


0.1261 


0.2665 


0.2346 


0.2220 


0.1954 


0.2443 


0.2160 


0.239 


0.1266 


0.2676 


0.2356 


0.2229 


0.1962 


0.2463 


0.2169 


0.240 


0.1271 


0.2687 


0.2366 


0.2239 


0.1970 


0.2463 


0.2168 


0.241 


0.1276 


0.2698 


0.2376 


0.2248 


0.1978 


0.2473 


0.2176 


0.242 


0.1281 


0.2708 


0.2384 


0.2257 


0.1986 


0.2483 


0.2185 


0.243 


0.1287 


0.2719 


0.2394 


0.2266 


0.1994 


0.2493 


0.2194 


0.244 


0.1292 


0.2730 


0.2403 


0.2275 


0.2002 


0.2603 


0.2203 


0.246 


0.1297 


0.2741 


0.2413 


0.2284 


0.2010 


0.2613 


0.2212 


0.246 


0.1302 


0.2752 


0.2422 


0.2293 


0.2018 


0.2523 


0.2220 


0.247 


0.1307 


0.2762 


0.2432 


0.2302 


0.2026 


0.2633 


0.2229 


0.248 


0.1312 


0.2773 


0.2441 


0.2311 


0.2034 


0.2543 


0.2238 


0.249 


0.1318 


0.2784 


0.2451 


0.2320 


0.2042 


0.2553 


0.2247 


0.250 


0.1323 


0.2795 


0.2460 


0.2330 


0.2050 


0.2563 


0.2266 


0.251 


0.1328 


0.2806 


0.2470 


0.2339 


0.2058 


0.2573 


0.2264 


0.252 


0.1333 


0.2816 


0.2479 


0.2348 


0.2066 


0.2582 


0.2272 


0.253 


0.1338 


0.2827 


0.2489 


0.2357 


0.2074 


0.2592 


0.2281 


0.254 


0.1343 


0.2838 


0.2498 


0.2366 


0.2082 


0.2602 


0.2290 
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rUHPUBAL 
FBLOKOOLUCXD 


ru«ruRAL 


▲SABUfOSB 




XThOBM 


ZTLAH 


PBNT08K 


PEHTOSAII 


0.256 


0.1349 


0.2849 


0.2508 


0.2375 


0.2090 


0.2612 


0.2299 


0.256 


0.1354 


0.2860 


0.2517 


0.2384 


0.2098 


0.2622 


0.2307 


0.257 


0.1359 


0.2870 


0.2526 


0.2393 


0.2106 


0.2632 


0.2316 


0.258 


0.1364 


0.2881 


0.2536 


0.2402 


0.2114 


0.2642 


0.2326 


0.259 


0.1369 


0.2892 


0.2545 


0.2411 


0.2122 


0.2652 


0.2334 


0.260 


0.1374 


0.2903 


0.2555 


0.2420 


0.2130 


0.2662 


0.2342 


0.261 


0.1380 


0.2914 


0.2565 


0.2429 


0.2138 


0.2672 


0.2351 


0.262 


0.1385 


0.2924 


0.2574 


0.2438 


0.2146 


0.2681 


0.2369 


0.263 


0.1390 


0.2935 


0.2584 


0.2447 


0.2154 


0.2691 


0.2368 


0.264 


0.1395 


0.2946 


0.2593 


0.2456 


0.2162 


0.2701 


0.2377 


0.265 


0.1400 


0.2957 


0.2603 


0.2466 


0.2170 


0.2711 


0.2385 


0.266 


0.1405 


0.2968 


0.2612 


0.2474 


0.2178 


0.2721 


0.2394 


0.267 


0.1411 


0.2978 


0.2622 


0.2483 


0.2186 


0.2731 


0.2403 


0.268 


0.1416 


0.2989 


0.2631 


0.2492 


0.2194 


0.2741 


0.2412 


0.269 


0.1421 


0.3000 


0.2641 


0.2502 


0.2202 


0.2751 


0.2421 


0.270 


0.1426 


0.3011 


0.2650 


0.2611 


0.2210 


0.2761 


0.2429 


0.271 


0.1431 


0.3022 


0.2660 


0.2520 


0.2218 


0.2771 


0.2438 


0.272 


0.1436 


0.3032 


0.2669 


0.2529 


0.2226 


0.2781 


0.2447 


0.273 


0.1442 


0.3043 


0.2679 


0.2538 


0.2234 


0.2791 


0.2456 


0.274 


0.1447 


0.3054 


0.2688 


0.2547 


0.2242 


0.2801 


0.2465 


0.275 


0.1452 


0.3065 


0.2698 


0.2566 


0.2250 


0.2811 


0.2473 


0.276 


0.1457 


0.3076 


0.2707 


0.2666 


0.2268 


0.2821 


0.2482 


0.277 


0.1462 


0.3086 


0.2717 


0.2574 


0.2266 


0.2830 


0.2490 


0.278 


0.1467 


0.3097 


0.2726 


0.2583 


0.2274 


0.2840 


0.2499 


0.279 


0.1473 


0.3108 


0.2736 


0.2592 


0.2282 


0.2850 


0.2508 


0.280 


0.1478 


0.3119 


0.2745 


0.2602 


0.2290 


0.2861 


0.2617 


0.281 


0.1483 


0.3130 


0.2755 


0.2611 


0.2298 


0.2871 


0.2626 


0.282 


0.1488 


0.3140 


0.2764 


0.2620 


0.2306 


0.2880 


0.2634 


0.283 


0.1493 


0.3151 


0.2774 


0.2629 


0.2314 


0.2890 


0.2543 


0.284 


0.1498 


0.3162 


0.2783 


0.2638 


0.2322 


0.2900 


0.2662 


0.285 


0.1504 


0.3173 


0.2793 


0.2647 


0.2330 


0.2910 


0.2561 


0.286 


0.1509 


0.3184 


0.2802 


0.2656 


0.2338 


0.2920 


0.2570 


0.287 


0.1514 


0.3194 


0.2812 


0.2665 


0.2346 


0.2930 


0.2678 


0.288 


0.1519 


0.3205 


0.2821 


0.2674 


0.2354 


0.2940 


0.2687 


0.289 


0.1524 


0.3216 


0.2831 


0.2683 


0.2362 


0.2950 


0.2596 


0.290 


0.1529 


0.3227 


0.2840 


0.2693 


0.2370 


0.2960 


0.2605 


0.291 


0.1535 


0.3238 


0.2850 


0.2702 


0.2378 


0.2970 


0.2614 


0.292 


0.1540 


0.3248 


0.2859 


0.2711 


0.2386 


0.2980 


0.2622 


0.293 


0.1545 


0.3259 


0.2868 


0.2720 


0.2394 


0.2990 


0.2631 


0.294 


0.1550 


0.3270 


0.2878 


0.2729 


0.2402 


0.3000 


0.2640 


0.295 


0.1555 


0.3281 


0.2887 


0.2738 


0.2410 


0.3010 


0.2649 


0.296 


0.1560 


0.3292 


0.2897 


0.2747 


0.2418 


0.3020 


0.2668 


0.297 


0.1566 


0.3302 


0.2906 


0.2756 


0.2426 


0.3030 


0.2666 


0.298 


0.1571 


0.3313 


0.2916 


0.2765 


0.2434 


0.3040 


0.2676 


0.299 


0.1576 


0.3324 


0.2925 


0.2774 


0.2442 


0.3050 


0.2684 


0.300 


0.1581 


0.3335 


0.2935 


0.2784 


0.2460 


0.3060 


0.2693 
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60 METHODS OF ANALYSIS [Chap. 

66 OALACTAN.— TENTATIVE. 

Extract a convenient quantity of the substance, representing 2.5-3 grams of the 
dry material, on a hardened filter with 5 successive portions of 10 cc. of ether, place 
the extracted residue in a beaker, about 5.5 cm. in diameter and 7 cm. deep, together 
with 60 cc. of nitric acid of 1.15 sp. gr., and evaporate the solution to exactly one 
third its volume in a water bath at a temperature of 94^-96*'C. After standing 24 
hours, add 10 cc. of water to the precipitate, and allow it to stand another 24 hours. 
The mucic acid has in the meantime crystallized, but it is mixed with considerable 
material only partially oxidized by the nitric acid. Filter the solution through filter 
paper, wash with 30 cc. of water to remove as much of the nitric acid as possible, 
and replace the filter and contents in the beaker. Add 30 cc. of ammonium car- 
bonate solution, consisting of 1 part ammonium carbonate, 19 parts water, and 1 
part strong ammonium hydroxid, and heat the mixture on a water bath, at 80^C., 
for 15 minutes, with constant stirring. The ammonium carbonate takes up the 
mucic acid, forming soluble ammonium mucate. Wash the filter paper and con- 
tents several times with hot water by decantation, passing the washings through a 
filter paper, to which final' y transfer the material and thoroughly wash. Evapo- 
rate the filtrate to dryness over a water bath, avoiding unnecessary heating which 
causes decomposition, add 5 cc. of nitric acid of 1.15 sp. gr., stir thoroughly the 
mixture and allow to stand for 30 minutes. The nitric acid decomposes the am- 
monium mucate, precipitating the mucic acid; collect this on a tared filter or Gooch, 
wash with 10-15 cc. of water, then with 60 cc. of alcohol, and a number of times 
with ether, dry at the temperature of boiling water for 3 hours, and weigh. Mul- 
tiply the weight of the mucic acid by 1.33, which gives galactose, and multiply this 
product by 0.9 which gives galactan. 

CRUDE FIBER.-~OFFICIAL. 

67 REAGENTS. 

(a) 1M% sulphuric acid solution. — Exact strength, determined by titration. 

(b) 1M% sodium hydroxid solution, — Exact strength, determined by titration. 

68 DETERMINATION. 

Extract a quantity of the substance, representing about 2 grams of the dry 
materia', with ordinary ether, or use the residue from the determination of the ether 
extract. To this residue in a 500 cc. flask add 200 cc. of boiling 1.25% sulphuric 
acid ; connect the flask with an inverted condenser, the tube of which passes only a 
short distance beyond the rubber stopper into the flask, or simply cover a tall coni- 
cal flask, which is well suited for this determination, with a watch glass or short 
stemmed funnel, boil at once and cont'nue boiling gently for 30 minutes. A blast 
of air conducted nto the flask will serve to reduce the frothing of the liquid. Filter 
through linen and wash with boiling water until the washings are no longer acid; 
rinse the substance back into the flask with 200 cc. of boiling, 1.25% solution of 
sodium hydroxid, free or nearly free from sodium carbonate boil at once, and con- 
tinue boi'ing gently for 30 minutes as directed above for the treatment with acid, 
filter at once rapidly, and wash with boiling water until the washings are neutral. 
The last filtration may be performed upon a Gooch crucible, a linen filter, or a tared 
filter paper. If a linen filter is used, rinse the crude fiber, after washing is completed, 
into a flat-bottomed platinum dish by means of a jet of water; evaporate to dryness 
on a steam bath, dry to constant weight at 110**C., weigh, incinerate completely, 
and weigh again. The loss in weight is considered to be crude fiber. If a tared filter 
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paper is used, weigh in a weighing bottle. In any case the crude fiber after drying 
to constant weight at llO^C. must be incinerated and the amount of the ash deducted 
from the original weight. 

69 WATBR-SOLT7BLB ACIDITT OF FBBDS.— TBIVTATIVE. 

Weigh 10 grams of the sample into a shaking bottle, add 200 cc. of water, and 
shake for 15 minutes. Filter the extract through a folded filter and take a 20 cc. 
aliquot (equivalent to 1 gram of sample) for the titration. Dilute with 50 cc. of 
water and titrate with N/10 sodium hydroxid, using phenolphthalein as indicator. 

In reporting the acidity of feeds, state the results in terms of cc. of N/10 sodium 
hydroxid required for neutralisation. 
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DC. SACCHARINE PRODUCTS. 

1 PRBPARATION OF SAXPtE.— TBRTATIVB. 

(a) Liquids (tnoliuaeSf sirups, etc.). — ^Mix materials of this class thoroughly. 
If crystals of sugar are present, dissolve them either by heating gently or by weigh- 
ing the whole mass, then adding water, heating until completely dissolved and 
after cooling, re-weighing. Calculate all results to the weight of the original 
substance. 

(b) Semisolids (jellies, jams, etc.). — ^Weigh 50 grams of the sample into a 250 
00. graduated flask. Treat with water, fill to the mark and mix thoroughly. If 
insoluble material remains, mix uniformly by shaking before taking aliquots for 
the various determinations. 

(C) Solids (sitgar, confectionery, etc.), — Grind and mix thoroughly materials 
of this class to secure uniform samples. 

MOISTURB. 

DRYING METHODS. 

2 SUGARS.— OFnCUL. 

Dry 2^ grams in a flat dish (nickel, platinum, or aluminium) at the temperature 
of boiling water for 10 hours; cool in a desiccator and weigh; then dry again for an 
hour or until there is only a slight change in weight. 

With some sugars, more especially those of large grain, there is danger of occlu- 
sion and retention of water. The International Commission for Unifying Methods 
of Sugar Analysis prescribe drying at 105*'-110*'C. for normal beet sugars. This 
temperature is sufficient to expel the last traces of occluded water and is not attended 
with sufiBcient decomposition to affect the weight of the product. The drying tem- 
perature should never exceed llO^C^. 

XASSBCUITBS, MOLASSES, AND OTHER UQUID AND SBMIUQUID PRODUCTS. 

3 Drjlnf upon Pumice Stone.— Tentatife. 

Prepare pumice stone of two grades of fineness, one of which will pass through 
a 1 mm. sieve, the other through a 6 mm. sieve. Make the determination in flat 
metallic dishes or in shallow, flat-bottomed, weighing bottles. Place a layer of 
the fine pumice stone, 3 mm. in thickness, on the bottom of the dish, then a layer 
of the coarse pumice stone 6-10 mm. in thickness, dry and weigh. Dilute the sam- 
ple with a weighed portion of water so that the diluted material shall contain 20- 
90% of solid matter. Weigh into the dish, prepared as described above, an amount 
of the diluted sample to yield, approximately, 1 gram of dry matter. If this weigh- 
ing can not be made rapidly, use a weighing bottle provided with a cork through 
which a pipette passes. Dry in vacuo at 70°C. to constant weight, making trial 
weighings at intervals of 2 hours. For substances containing little or no levulose 
or other readily decomposable substance, the drying may be made in a water oven 
at the temperature of boiling water. 

4 Drjlnf t^n Quartz Sand.— TentatiTe. 

Digest pure quartz sand with strong hydrochloric acid, wash, dry, and ignite. 
Preserve in a stoppered bottle. 
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Place &-7 grams of the prepared sand and a short stirring rod in a flat-bottomed 
dish. Dry thoroughly, cool in a desiccator, and weigh. Then add &-4 grams of 
the molasses, mix with the sand (if necessary to thoroughly incorporate the two, 
add a little water), dry in a water oven at the temperature of boiling water 
for 8-10 hours, stirring at intervals of an hour, cool in a desiccator, and weigh. 
Stir, heat again for an hour, cool, and weigh. Repeat the heating and weighing 
until the loss of water in an hour is not greater than 3 mg. 

AREOMETRIC METHODS, 

(Not applicable to low-grade sugar products, molasses and other materials 
containing large amounts of non-sugar solids.) 

spBcmc GRAvnr, water and total solids. 

5 By Mmu of • Qpindle.— Offldal. 

The density of juices, sirups, etc., is most conveniently determined by means 
of the Brix hydrometer. For rough work, or where less accuracy is desired, the 
Baum4 hydrometer may be used. The Brix spindle should be graduated to tenths. 
The range of degrees recorded by each individual spindle should be as limited as 
possible. The solution should be as nearly as practicable of the same tempera- 
ture as the air at the time of reading, and, if the variation from the temperature 
of the graduation of the spindle amounts to more than 1^, a correction must be 
applied according to the table under 6. Before taking the density of a juice, allow 
it to stand in the cylinder until all air bubbles have escaped, and until all fatty or 
waxy matter has come to the surface and been skimmed off. The cylinder should 
be large enough in diameter to allow the hydrometer to come to rest without touch- 
ing the sides. A table of specific gravities at —;^ and per cent by weight of suc- 
rose is given under 9, and a table for the comparison of specific gravities at "j^j^'t 
degrees Brix (per cent by weight of sucrose), and degree Baum4 is given under 8. 

If the sample is too dense to determine the density directly, dilute a weighed 
portion with a weighed quantity of water, or dissolve a weighed portion and dilute 
to a known volume with water. 

In the first instance the per cent of total solids is calculated by the following 
formula: 

WS 

Per cent of solids in the undiluted material - — in which 

w 

S B per cent of solids in the diluted material; 

W » weight of the diluted material; 

w B weight of the sample taken for dilution. 

When the dilution is made to a definite volume, the following formula is to be 
used: 

Per cent of solids in the undiluted material » — r=r- in which 

V = volume of the diluted solution at a given temperature; 
D s specific gravity of the diluted solution at the same temperature; 
S B per cent of solids in the diluted solution at the same temperature; 
W — weight of the sample taken for dilution at the same temperature. 

If the spindle reading be made at any other temperature than 17.5^0., the re- 
sult should be corrected according to the following: 
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Table 9. 

For correction of the readings of the Brix spindle when made at other than the 
standard temperature^ 17. 6^ C, 





(For temperatures below 17.6*C. the correction is to be subtracted.) 




TXM- 








DXaBBB BUX or THB SOLUTION 










PBBA- 

































6 


10 


16 


20 


26 


30 


35 


40 


50 


60 


70 


76 





0.17 


0.30 


0.41 


0.52 


0.62 


0.72 


0.83 


0.92 


0.98 


1.11 


1.22 


1.26 


1.29 


6 


0.23 


0.30 


0.37 


0.44 


0.52 


0.69 


0.65 


0.72 


0.75 


0.80 


0.88 


0.91 


0.94 


10 


0.20 


0.26 


0.29 


0.33 


0.36 


0.39 


0.42 


0.45 


0.48 


0.50 


0.54 


0.58 


0.61 


11 


0.18 


0.23 


0.26 


0.28 


0.31 


0.34 


0.36 


0.39 


0.41 


0.43 


0.47 


0.50 


0.58 


13 


0.16 


0.20 


0.22 


0.24 


0.26 


0.29 


0.31 


0.33 


0.34 


0.36 


0.40 


0.42 


0.46 


13 


0.14 


0.18 


0.19 


0.21 


0.22 


0.24 


0.26 


0.27 


0.28 


0.29 


0.33 


0.35 


0.39 


14 


0.12 


0.15 


0.16 


0.17 


0.18 


0.19 


0.21 


0.22 


0.22 


0.23 


0.26 


0.28 


0.32 


15 


0.09 


0.11 


0.12 


0.14 


0.14 


0.15 


0.16 


0.17 


0.16 


0.17 


0.19 


0.21 


0.26 


16 


0.06 


0.07 


0.08 


0.09 


0.10 


0.10 


0.11 


0.12 


0.12 


0.12 


0.14 


0.16 


0.18 


17 


0.02 


0.02 


0.08 


0.08 


0.03 


0.04 


0.04 


0.04 


0.04 


0.04 


0.05 


0.05 


0.06 


18 


0.02 


0.08 


0.03 


0.08 


0.08 


0.08 


0.08 


0.03 


0.03 


0.08 


0.08 


0.08 


0.02 


19 


0.06 


0.06 


0.08 


0.09 


0.09 


0.10 


0.10 


0.10 


0.10 


0.10 


0.10 


0.06 


0.06 


20 


0.11 


0.14 


0.15 


0.17 


0.17 


0.18 


0.18 


0.18 


0.19 


0.19 


0.18 


0.16 


0.11 


21 


0.16 


0.20 


0.22 


0.24 


0.24 


0.25 


0.25 


0.25 


0.26 


0.26 


0.26 


0.22 


0.18 


22 


0.21 


0.26 


0.29 


0.31 


0.31 


0.33 


0.32 


0.32 


0.33 


0.34 


0.32 


0.29 


0.26 


23 


0.27 


0.32 


0.36 


0.37 


0.38 


0.39 


0.39 


0.39 


0.40 


0.42 


0.39 


0.36 


0.33 


24 


0.32 


0.38 


0.41 


0.43 


0.44 


0.46 


0.46 


0.47 


0.47 


0.50 


0.46 


0.43 


0.40 


2ft 


0.37 


0.44 


0.47 


0.49 


0.51 


0.53 


0.54 


0.55 


0.55 


0.68 


0.54 


0.61 


0.48 


26 


0.43 


0.60 


0.54 


0.56 


0.58 


0.60 


0.61 


0.62 


0.62 


0.66 


0.62 


0.58 


0.55 


27 


0.49 


0.57 


0.61 


0.63 


0.65 


0.68 


0.68 


0.60 


0.70 


0.74 


0.70 


0.65 


0.62 


28 


0.66 


0.64 


0.68 


0.70 


0.72 


0.76 


0.76 


0.78 


0.78 


0.82 


0.78 


0.72 


0.70 


29 


0.63 


71 


0.75 


0.78 


0.79 


0.84 


0.84 


0.86 


0.86 


0.90 


0.86 


0.80 


0.78 


SO 


0.70 


0.78 


0.82 


0.87 


0.87 


0.92 


0.92 


0.94 


0.94 


0.98 


0.94 


0.88 


0.86 


86 


1.10 


1.17 


1.22 


1.24 


1.30 


1.32 


1.33 


1.35 


1.36 


1.39 


1.31 


1.27 


1.26 


40 


1.50 


1.61 


1.67 


1.71 


1.73 


1.79 


1.79 


1.80 


1.82 


1.83 


1.78 


1.69 


1.65 


60 




2.65 


2.71 


2.74 


2.78 


2.80 


2.80 


2.80 


2.80 


2.79 


2.70 


2.56 


2.51 


60 


• • • . 


3.87 


3.88 


3.88 


3.88 


3.88 


3.88 


3.88 


3.90 


3.82 


3.70 


3.43 


3.41 


70 




6.17 


6.18 


5.20 


6.14 


5.13 


5.10 


5.06 


5.06 


4.90 


4.72 


4.47 


4.36 


80 


.... 




6.62 


6.59 


6.54 


6.46 


6.38 


6.30 


6.26 


6.06 


5.82 


6.50 


6.33 


90 




.... 


8.26 


8.16 


8.06 


7.97 


7.83 


7.71 


7.58 


7.30 


6.96 


6.58 


6.87 


100 


.... 


.... 


10.01 


9.87 


9.72 


9.56 


0.39 


9.21 


9.03 


8.64 


8.22 


7.76 


7.42 



Example.— A sugar solution shows a reading of 30.2*' Brix at SO'^C. To find the 
necessary correction for the conversion of this reading to the reading which would 
have been obtained if the observation had been made at 17.5°C., find the vertical 
column in the table headed 30° Brix, which is the nearest to the observed reading. 
Follow down this column until the number is reached which is opposite to the tem- 
perature of observation— in this case 30°. The number found, 0.d2, is to be added 
to the observed reading. 



By Means of s ^owmetar. — OffldsL 



20'C/ 

(a) By specific gravity at -^' 



20*C. 



-Determine the specific gravity of the solution 
at ^^* by means of a pycnometer and ascertain the corresponding per cent by 
weight of sucrose from 9. When the density of the substance is too high for a direct 
determination, dilute and calculate the sucrose content of the original material as 
directed under 5. 

(b) By specific gravity at -jf^r-' — Proceed as directed under (a), the determina- 
tions of specific gravity being made at -jfj: ' instead of at -jr^- Ascertain the corre- 
sponding per cent by weight of sucrose from 8. 

The pycnometer determination should not be made at any other temperature 



than 



17.5*0 . 
17.6* 



or 



2crc. 

4* 
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Table 10. 



[Chap. 



17 B^C 
Fw ihB eomparxBon of specific gravitiea at ' -o* » degrees Briz and degrees BaumS. 



17.6^ 
Degree Baum4 « 146.78 — 



146.78 
sp.gr. 



DSaBIB 






DBOBBB 






DBOBBB 






■HXOB 






BBIXOB 






BBIX OB 






PBBCBHT 


8PB0IFI0 


DBOBBB 


PBBCBMT 


BPBCIVIO 


DBOBBB 




8PB0OT0 


DBOBBB 


BT 
WKOBT 


OBATITT 


BAXntt 


BT 
WBIOHT 


GBAVITT 


BAUMi 


BT 
WBIOHT 


OBATITT 


BAUMi 


or 






OF 






or 






8UCB06B 












•nCROBB 






1.0 


1.00388 


0.6 


33.0 


1.14423 


18.5 


65.0 


1.31989 


35.6 


2.0 


1.00779 


1.1 


34.0 


1.14915 


19.05 


66.0 


1.32601 


36.1 


3.0 


1.01173 


1.7 


35.0 


1.15411 


19.6 


67.0 


1.33217 


36.6 


4.0 


1.01570 


2.3 


36.0 


1.15911 


20.1 


68.0 


1.33836 


37.1 


5.0 


1.01970 


2.8 


37.0 


1.16413 


20.7 


69.0 


1.34460 


37.6 


6.0 


1.02373 


3.4 


38.0 


1.16920 


21.2 


70.0 


1.35088 


38.1 


7.0 


1.02779 


4.0 


39.0 


1.17430 


21.8 


71.0 


1.35720 


38.6 


8.0 


1.03187 


4.5 


40.0 


1.17943 


22.3 


72.0 


1.36355 


39.1 


9.0 


1.03599 


5.1 


41.0 


1.18460 


22.9 


73.0 


1.36995 


39.6 


10.0 


1.04014 


5.7 


42.0 


1.18981 


23.4 


74.0 


1.37639 


40.1 


11.0 


1.04431 


6.2 


43.0 


1.19505 


23.95 


75.0 


1.38287 


40.6 


12.0 


1.04852 


6.8 


44.0 


1.20033 


24.5 


76.0 


1.38939 


41.1 


13.0 


1.05276 


7.4 


45.0 


1.20565 


25.0 


77.0 


1.39595 


41.6 


14.0 


1.05703 


7.9 


46.0 


1.21100 


25.6 


78.0 


1.40254 


42.1 


16.0 


1.06133 


8.5 


47.0 


1.21639 


26.1 


79.0 


1.40918 


42.6 


16.0 


1.06566 


9.0 


48.0 


1.22182 


26.6 


80.0 


1.41586 


43.1 


17.0 


1.07002 


9.6 


49.0 


1.22728 


27.2 


81.0 


1.42258 


43.6 


18.0 


1.07441 


10.1 


50.0 


1.23278 


27.7 


82.0 


1.42934 


44.1 


19.0 


1.07884 


10.7 


51.0 


1.23832 


28.2 


83.0 


1.43614 


44.6 


20.0 


1.08329 


11.3 


52.0 


1.24390 


28.8 


84.0 


1.44298 


45.1 


21.0 


1.08778 


11.8 


53.0 


1.24951 


29.3 


85.0 


1.44986 


45.5 


22.0 


1.09231 


12.4 


54.0 


1.25517 


29.8 


86.0 


1.45678 


46.0 


23.0 


1.09686 


13.0 


55.0 


1.28086 


30.4 


87.0 


1.46374 


46.5 


24.0 


1.10145 


13.5 


56.0 


1.26658 


30.9 


88.0 


1.47074 


47.0 


25.0 


1.10607 


14.1 


57.0 


1.27235 


31.4 


89.0 


1.47778 


47.45 


26.0 


1.11072 


14.6 


58.0 


1.27816 


31.9 


90.0 


1.48486 


47.9 


27.0 


1.11541 


15.2 


59.0 


1.28400 


32.5 


91.0 


1.49199 


48.5 


28.0 


1.12013 


15.7 


60.0 


1.28989 


33.0 


92.0 


1.49915 


48.9 


29.0 


1.12488 


16.3 


61.0 


1.29581 


33.5 


93.0 


1.50635 


49.4 


30.0 


1.12967 


16.8 


. 62.0 


1.30177 


34.0 


94.0 


1.51359 


49.8 


31.0 


1.13449 


17.4 


63.0 


1.30777 


34.5 


95.0 


1.52087 


50.3 


32.0 


1.13934 


17.95 


64.0 


1.31381 


35.1 









When the number expressing the specific gravity found by analysis falls between 
the numbers given in the above table, the exact equivalent in degrees Brix or Baum6 
is found by a simple calculation. 

Example. — ^The pycnometer shows the specific gravity of a certain sirup to be 
1.20909. The table shows that the corresponding degree Brix is between ^.0 and 
46.0. Subtracting the specific gravit^r of a solution of 45^ Brix from the correspond- 
ing figure for 46 , we have (expressing the specific gravities as whole numbers) 
I2I4OO — 120,565 " 535, the oifference in specific gravity for 1^ Brix at this point 
in the table. Subtracting the specific gravity corresponding to 45^ from the spe- 

344 
cific gravity found by analysis, we have 120,909 — 120,565 » ^^^ eoH ^ 0*^> ^^^ ^i*<^* 

tion of 1^ Brix more than 45^. The degree Brix, corresponding to a sp. gr. of 1.20909, 
is therefore 45.64. 
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(This table is the basis for standardising hydrometers indicating per cent of sugar 




1 

3 

t 

4 

ft 
• 
7 
S 

9 

10 
11 
13 
II 
U 

1ft 
1ft 
17 
18 
1ft 



21 
23 
3S 
34 

2ft 

2ft 
27 
28 
29 

30 
31 
32 

33 

34 

3ft 
8ft 

37 
38 
39 

40 
41 
43 
41 
44 

4ft 
4ft 
47 
48 

49 



61 
88 
88 
ft4 

ftft 
5ft 

fi7 
88 

00 



0.998284 

1.002120 

1.008015 

1 

1.013881 

1.017854 
1.021865 

1.1 

1.. 029942 
1 I 



1.038143 
1.042288 
1.048483 
1.080 ' 
1.064900 

1.069166 
1.083480 
1.067780 
1.073147 
1.076637 



1.1 

1.066414 

1. 

1.004420 

1.098971 

1.103567 
1.106175 
1.112828 
1.117612 
1.122281 

1.126964 
1.131773 
1.13659S 
1.141453 
1.146345 

1.151276 

1.158238 

1.161236 

1. 

1.171340 

1.178447 
1.181592 
1.186773 
1.191993 
1.197347 

1.202540 
1.207870 
1.213238 
1.218643 
1.224088 

1.229567 
1.235066 
1.240641 
1.248234 
1.251866 

1.257535 

1.363243 

1. 

1.274774 

1.; 



0. 

1.003609 

1.006105 

1.010S27 

1.014277 

1.018268 
1.022857 
1.026289 
1.030349 
1. 



1 

1.042704 

IJ 

1.061087 

1.066325 



1. 

1. 

1.008223 

1.072585 

1.076978 

1.061403 
1.066861 
1.090361 
1.004874 
1.099428 

1.104017 
1.106639 
1.113295 
1.117962 
1.122706 

1.127461 
1.132254 
1.137080 
1.141941 
1.14ft83« 

1.161770 
1.156736 
1.161738 
1.166775 
1.171840 

1.176960 
1.182108 
1.187293 
1.192517 
1.197776 

1.203071 
1.208406 
1.213777 
1.219185 
1.224632 

1.230117 
1.235639 
1.241198 
1.246795 
1.252431 

1.258104 
1.263816 
1.269665 
1.275354 
1.281179 



0.999010 
1.002897 
1.009796 
1.010721 
1.014673 

1.018662 
1.022669 
1.026604 
1.030757 
1.034850 

1.038970 
1.043121 
1.047300 
1.061510 
1.065761 

1.060022 

1 

1.068658 

1.073023 

1.077419 

1.081848 

1.1 

1. 

1. 

1.099886 

1.104478 
1.109103 
1.113763 
1.118453 
1.123179 

1.127939 
1.182735 
1.137666 
1.142429 
1.147328 

1.152265 
1.157236 
1.162240 
1.167281 
1.172359 

1.177473 
1.182625 
1.187814 
1.193041 
1.198303 

1.203603 
1.208040 
1.214317 
1.219729 
1.225180 

1.230668 
1.236194 
1.241757 
1.247358 
1.252997 

1.258674 
1.264390 
1.270143 
1.275936 
1.281764 



0.999398 

1.003 

1.00718S 

1.011115 

1.016070 

1.019068 
1.023061 
1.027099 
1.031166 
1.085260 



1.043587 
1.047720 
1.061933 
1.056176 

1.060461 

1.064766 

1.060 

1.073461 

1.077860 



1 

1.086757 

1.091258 

1.095783 

1.100344 

1.104938 
1.109668 
1.114229 
1.118983 
1.138663 

1.138417 
1.133316 
1.138049 
1.142916 
1.147820 

1.152760 
1.167733 
1.162742 
1.167786 
1.172869 

1.177987 
1.183142 
1.188335 
1.193565 
1.198832 

1.204136 
1.209477 
1.214856 
1.220272 
1.225727 

1.231219 
1.236748 
1.242316 
1.247920 
1.253563 

1.269244 
1.264963 
1.270720 
1.276617 
1.382349 



0.999786 
1.003675 
1.007580 
1.011610 
1.015467 

1.019451 
1.023463 
1.027504 
1.081573 
1.085671 

1.039797 
1.043954 
1.048140 
1.052356 
1.056602 

1.060680 
1.065188 
1.060529 
1.073900 
1.078302 

1.062737 
1.067206 
1.001704 
1.096236 
1.100802 

1.105400 
1.110033 
1.114607 
1.119395 
1.124128 

1.128896 
1.133698 
1.138534 
1.143405 
1.148313 

1.153256 
1.158233 
1.163245 
1.168293 
1.173379 

1.178501 
1.183660 
1.188856 
1.194090 
1.199360 

1.204668 
1.210013 
1.215395 
1.220615 
1.226274 

1.231770 
1.237303 
1.242873 
1.248482 
1.254129 

1.259815 
1.265537 
1.271299 
1.277098 
1.282935 



1.000174 
1.004064 
1.007972 
1.011904 
1.015864 

1.019851 
1.083867 
1.087910 
1.031982 
1.036082 

1.040212 
1.044370 
1.048569 
1.062778 
1.067029 

1.061306 

1.066621 

1.06r 

1.074338 

1.078744 

1.063182 
1.067652 
1.092155 
1.096691 
1.101259 

1.106862 
1.110497 
1.116166 
1.119867 
1.124608 

1.129374 

1.184180 

1.139020 

1.1431 

1.148806 

1.153752 
1.168733 
1.163748 
1.168800 
1.173889 

1.179014 
1.184178 
1.189379 
1.194616 
1.199890 

1.206200 
1.210549 
1.215936 
1.221360 
1.226823 



1.237869 
1.248433 
1.249046 
1.254697 

1.260385 
1.266112 
1.271877 
1.277680 
1.283521 



1.000568 

1.00* 
1.008368 
1.012298 
1.016261 

1.020251 
1.024270 
1.028316 
1.082391 
1.086494 



1.044788 
1.048960 
1 
1.067455 

1.061788 
1.066064 
1.070400 
1.074777 
1.079187 



1.1 

1.088101 
1.092607 
1.097147 
1.101718 

1.106324 
1.110963 
1.115635 
1.120330 
1.125079 

1.129853 
1.134663 
1.139506 
1.144384 
1.149298 

1.154249 
1.159233 
1.164252 
1.160307 
1.174400 

1.179527 
1.184696 
1.189901 
1.195141 
1.200420 

1.205733 
1.211086 
1.216476 
1.221904 
1.227871 

1.232874 
1.238414 
1.243993 
1.249609 
1.255264 

1.260955 
1.266686 
1.272455 
1.278262 
1.284107 



1.004844 
1.008755 
1.012094 
1.016659 

1.020661 

1.024678 

1.028722 

1.032r 

1.036006 

1.041041 
1.045206 
1.049401 
1.053626 
1.057882 

1.062168 
1.066487 
1.070836 
1.075217 
1.079629 

1.064074 

1.088550 

1.0931 

1.007608 

1.102177 

1.106786 
1.111429 
1.116101 
1.120812 
1.125555 

1.130332 
1.135146 
1.139993 
1.144874 
1.149792 

1.154746 
1.169783 
1.164756 
1.169815 
1.174911 

1.180044 
1.185215 
1.190423 
1.195667 
1.200950 

1.206266 
1.211623 
1.217017 
1.222449 
1.227919 

1.233426 

1.238! 

1.244552 

1.250172 

1.255831 

1.261527 
1.267261 
1.273035 
1.278844 
1.284694 



1.001348 
1.005234 
1.0091*8 
1.013060 
1.017058 

1.021058 
1.025077 
1.029128 
1.083209 
1.037318 

1.041456 
1.045625 
1.049822 
1.064050 
1.058310 

1.062506 
1.066021 
1.071273 
1.0756.57 
1.060072 

1.084520 
1.089000 
1.093513 
1.098058 
1.102637 

1.107248 
1.111895 
1.116572 
1.121284 
1.126030 

1.130812 
1.135628 
1.140479 
1.145363 
1.150286 

1.156242 
1.160233 
1.165259 
1.170322 
1.175423 

1.180560 
1.185734 
1.190946 
1.196193 
1.201480 

1.206801 
1.212162 
1.217559 
1.222995 
1.228469 

1.233979 
1.339527 
1.245113 
1.250737 
1.256400 

1.262009 
1.267837 
1.273614 
1.279428 
1.285281 



1.001781 
1.005684 
1.009641 
1.01348ft 
1.017456 

1.021454 
1.025481 
1.080586 
1.033610 
1.087730 

1.041872 
1.046048 
1.060348 
1.054475 
1.058787 

1.068030 
1.067356 
1.071710 
1.076097 
1.08051ft 

1.084967 
1.080450 
1.093966 
1.098514 
1.103097 

1.107711 
1.113861 
1.117043 
1.131757 
1.136507 

1.181303 
1.136113 
1.14096ft 
1.145854 
1.150780 

1.155740 
1.160734 
1.165764 
1.170831 
1.175985 

1.181076 
1.186358 
1.191460 
1.196720 
1.202010 

1.207336 
1.212700 
1.218101 
1.223540 
1.229018 

1.234532 
1.240084 
1.245678 
1.251301 
1.256967 

1.262671 
1.268413 
1.274194 
1.280011 
1.285860 
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METHODS OF ANALYSIS 

Table 1L— Continued. 
Densitiea of soliUiona of cane sugar at SO^C, 



[Chap. 



PKB CBNT 
•UOAB 



60 
01 
62 

63 
64 

66 
66 

67 



70 
71 
72 
73 
74 

76 
76 
77 
78 
7» 

80 
81 



84 

86 

86 
87 



90 
01 
02 
03 
04 

06 
06 
07 
08 



100 



TBMTRB OP FBB CKNT 



1.286456 
1.202354 
1.208201 
1.304267 
1.310282 

1.316334 
1.322425 
1.328554 
1.334722 
1.340028 

1.347174 
1.353456 
1.350778 
1.366130 
1.372536 

1.378071 
1.385446 
1.301056 
1.306505 
1.405001 

1.411715 
1.418374 
1.425072 
1.431807 
1.438570 

1.445388 
1.452232 
1.459114 
1.466032 
1.472086 

1.470076 
1.487002 
1.404063 
1.501158 
1. 



1.616455 
1.622656 
1.520891 
1.537161 
1.544462 

1.551800 



1.287044 

1.202046 

1.2081 

1.304867 

1.310885 

1.316041 
1.323036 
1.320170 
1.335342 
1.341651 

1.347801 
1.354087 
1.360413 
1.366777 
1.373178 

1.370617 
1.386006 
1.302610 
1.300162 
1.405752 

1.412380 
1.410043 
1.425744 
1.432483 
1.430250 

1.446071 
1.452010 
1.450805 
1.466726 
1.473684 

1.480677 
1.487707 
1.404771 
1.501870 
1.500004 

1.516174 
1.523378 
1.530616 
1.537880 
1.545104 



1.287633 
1.293539 
1.299483 
1.305467 
1.311480 

1.317640 
1.323648 
1.320786 
1.335961 
1.342174 

1.348427 
1.354717 
1.361047 
1.367415 
1.373820 



1.386745 
1.; 
1.300610 
1.406412 

1.413044 
1.410711 
1.426416 
1.433It» 
1. 



1.446754 
1.453605 
1.460405 
1.467420 
1.474381 

1.481378 
1.488411 
1.405470 
1.502582 
1.500720 

1.516803 
1.624100 
1.531342 
1.538618 
1.545026 



1.288222 
1.204131 
1.300070 
1.806068 
1.312003 

1.318157 
1.824260 
1.330401 
1.336581 
1.342708 

1.340055 
1.355349 
1.361682 
1.368054 
1.374463 

1.380000 
1.387306 
1.303017 
1.400477 
1.407074 

1.413700 
1.420380 
1.427080 
1.433835 
1.440610 

1.447438 
1.454202 
1.461186 
1.468115 
1.475080 

1.482080 
1.489117 
1.496188 
1.503293 
1.510435 

1.517612 

1.524823 

1.532 

1.530347 

1.546650 



1.288811 
1.204725 
1.300677 
1.306669 
1.312699 

1.318766 
1.824872 
1.331017 
1.337200 
1.343421 

1.840682 
1.355080 
1.362317 
1.368603 
1.375106 

1.381556 
1.388045 
1.304571 
1.401134 
1.407735 

1.414374 
1.421049 
1.427761 
1.434511 
1.441299 

1.448121 
1.454980 
1.461877 
1.468810 
1.476779 

1.482782 
1.489823 
1.496897 
1.504006 
1.511151 

1.518332 
1.525546 
1.532704 
1.540076 
1.547302 



1.280401 
1.205318 
1.301274 
1.307271 
1.313304 

1.310374 
1.325484 
1.331633 
1.337821 
1.344046 

1.350S11 
1.356612 
1.362053 
1.360333 
1.875740 



1. 

1. 

1.305226 

1.401703 

1. 



1.415040 
1.421710 
1.428435 
1.435188 
1.441980 

1.448806 
1.455668 
1.462568 
1.460504 
1.476477 

1.483484 
1.490528 
1 .497606 
1.504710 
1.511868 

1.510051 
1.526269 
1.533521 
1.540806 
1.548127 



1.280001 
1.205011 
1.301871 
1.307872 
1.313900 

1.310083 
1.326007 
1.332250 
1.838441 
1.844671 

1.850089 
1.357245 
1.36^590 
1.369973 
1.376392 

1.382851 
1.389347 
1.395881 
1.402452 
1.400061 

1.415706 
1.422300 
1.429100 
1.435866 
1.442661 

1.440401 
1.456357 
1.463260 
1 470200 
1.477176 

1.484187 
1.491234 
1.498316 
1.505432 
1.512585 

1.519771 
1.526993 
1.534248 
1.541536 
1.548861 



1.290581 
1.206506 
1.802470 
1.306475 
1.314515 

1.820503 
1.326711 
1.832868 
1.330063 
1.845206 

1.361568 
1.367877 
1.364226 
1.370613 
1.877036 



1. 

1. 

1.306536 

1.403111 

1.400723 

1.416373 
1.423050 
1.420782 
1.436543 
1.443342 

1.450175 
1.457045 
1.463053 
1.470806 
1.477876 

1.484800 
1.491941 
1.499026 
1.506146 
1.513302 

1.620492 
1.527717 
1.534976 
1.542267 
1.549595 



1.291172 
1.297100 
1.303068 
1.3090n 
1.815121 

1.821203 

1.327325 

1.333485 

1.330 

1.345022 

1.352107 
1.358511 
1.364864 
1.371254 
1.377680 

1.884148 
1.300651 
1.307102 
1.408771 
1.410387 

1.417030 
1.423730 
1.430457 
1.437222 
1.444024 

1.450860 
1.457735 
1.464645 
1.471502 
1.478575 

1.485503 
1.402647 
1.400736 
1.506850 
1.514010 

1.521212 
1.528441 
1.535704 
1.542008 
1.550320 



1.201761 
1.207606 
1.803668 
1.809680 
1.816738 

1.321814 
1.827040 
1.334108 
1.340306 
1.340547 

1.852827 
1.350144 
1.805501 
1.371884 
1.378886 

1.884706 
1.301801 
1.397848 
1.404430 
1.411051 

1.417707 
1.424400 
1.431181 
1.437900 
1.444705 

1.451545 
1.458424 
1.465338 
1.472288 
1.470275 

1.480207 
1.493355 
1.500447 
1.607574 
1.514737 

1.521034 
1.520166 
1.536432 
1.5437S0 
1.551064 



10 



REFRACTOMETER METHOD,— TENTATIVE, 



Determine the refractive index of the solution at 28**C. and obtain the corre- 
sponding percentage of dry substance from 11. If the refractive index is obtained 
at a temperature other than 28''C., correct the result as indicated in 12. If the 
solution is too dark to be read in the instrument, dilute with a concentrated sugar 
solution. Water should never be iised for this purpose. Mix weighed amounts 
of the solution under examination and a solution of pure sugar of about the same 
strength, and obtain the amount of dry substance in the former by the following 
fonnula: 
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Google 
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8ACCHABINE PBODUCT9 



X = 



(A + B) C - BD 



in which 



X « per cent of dry substance to be found; 

A a weight in grains of the material mixed with B; 

B "> weight in grams of pure sugar solution employed in the dilution; 

C « per cent of dry substance in the mixture of A and B obtained from the 

refractive index; 
D B per cent of dry substance in the pure sugar solution obtained from its 
refractive index. 

11 Table 12.--Geerlig8'« Table. 

For dry svbstan^^e in sugar-house products by the Abbe refractometer, at tS^'C, 



UTDEX 


PBB 
CBMT 
DBT 
■UB- 
•TANCB 


ADDBD FOB 
FBACnONAL 
BBADXNOB* 


INDBX 


PBB 
CBMT 

DBT 

•UB- 

BTAMOB 


DBCnCALS TO BB 
ADDBD rOB 
PBACnOMAL 
BBADINOB* 


XMDBX 


PBB 

CBMT 

DBT 

8UB- 

STAMCB 


DSaMALB TO BB 
ADDBD FOB 
PRACnOMAL 
BBADXMOS* 


1.3335 
1.3349 
1.3364 
1.3379 
1.3394 
1.3409 
1.3424 
1.3439 
1.3454 
1.3469 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


0.0001-0.05 

00002-0 1 
0.0003-0.2 
0.0004-0.25 
0.0005-0.3 
0006-0.4 
0.0007 - 0.5 
0008-0.6 
0.0009-0.7 
0.0010-0.76 
0.0011 - 0.8 
0.0012-0.8 
0013-0.86 
0.0014 - 0.0 
0.0015-1.0 


1.3484 
1.3500 
1.3516 
1.3530 
1.3546 
1.3562 
1.3578 
1.3594 
1.3611 
1.3627 
1.3644 
1.3661 
1.3678 
1.3695 
1.3712 
1.3729 


11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 


0.0001-0.05 

0.0002-0 1 

0.0003-0.2 

0.0004-0.25 

0.0005-0.3 

0.0006-0.4 

0.0007-0.45 

0.0008-0.5 

0.0009-0.6 

0.0010-0.65 

0.0011-0.7 

0.0012 - 0.75 

0.0013-0.8 

0.0014-0.85 

0.0015-0.9 

0.0016-0.95 


1.3746 
1.3764 
1.3782 
1.3800 
1.3818 
1.3836 
1.3854 
1.3872 
1.3890 
1.3909 
1.3928 
1.3947 
1.3966 
1.3984 
1.4003 


27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 


0.0001-0.05 

00002-0.1 

0.0003-0.15 

0.0004-0.2 

0.0005-0.25 

0.0006-0.3 

0.0007-0.35 

0.0008-0.4 

0.0009-0.45 

0.0010-0.5 

0.0011 - 0.55 

0.0012-0.6 

0.0013 - 0.65 

0.0014-0.7 

0015-0.75 

0.0016-0.8 

0.0017-0.85 

0.0018 - 0.9 

0.0019 - 0.95 

0.0020-1.0 

0.0021-1.0 


1.4023 
1.4043 
1.4063 
1.4083 
1.4104 
1.4124 
1.4145 
1.4166 
1.4186 
1.4207 
1.4228 
1.4249 
1.4270 


42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 


0.0301 = 0.05 

0002-0.1 

0.0003-0.15 

0.0004-0.2 

0.0005-0 25 

0006-0.3 

0.0007-0.35 

0.0008-0.4 

0.0000-0.45 

0.0010-0.5 

0.0011-0.55 

0012-0.6 

0.0013-0.65 

0.0014-0.7 

0015-0.75 

0.0016-0.8 

0.0017-0.85 

0.0018-0.9 

0.0019-0.95 

0.0020-1 

0.0021-1.0 


1.4292 
1.4314 
1.4337 
1.4359 
1.4382 
1.4405 
1.4428 
1.4451 
1.4474 
1.4497 
1.4520 
1.4543 
1.4567 
1.4591 
1.4615 
1.4639 
1.4663 
1.4687 


55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 


0.0001-0.05 

0.0002-0.1 

0.0003-0.1 

0.0004-0.15 

0.0005-0.2 

0.0006-0.25 

0.0007-0.3 

0.0008-0.35 

0.0009-04 

0.0010-0.45 

0011-0.5 

0.0012 - 0.5 

0.»n3-0 55 

0.0014-0 6 

0.0015-065 

0.0016-0 7 

0.0017 - 0.75 

0.0018-0.8 

0.0019-0.85 

0.0020-0.9 

0.0021 - 0.9 

0.0022-0.95 

0.0023-1.0 

0.0024-1.0 


1.4711 
1.4736 
1.4761 
1.4786 
1.4811 
1.4836 
1.4862 
1.4888 
1.4914 
1.4940 
1.4966 
1.4992 
1.5019 
1.5046 
1.5073 
1.5100 
1.5127 
1.5155 


73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


0001-0.0 

0.0002-0.05 

0.0003-0.1 

0.0004-0.15 

0.0005-0.2 

0006-0.2 

0.0007-0.25 

0.0008-0.3 

0.0009-0.35 

0.0010-0.35 

0.0011-0.4 

0.0012 - 0.45 

0013-0.5 

0.0014-0.5 

0.0015-0.55 

0.0016-0.6 

0.0017-0.65 

0018-0.65 

0.0019-0.7 

0.0020-0.75 

0.0021-0.8 

0022-0.8 

0023-0.85 

0.0024-0.9 

0.0025-0.9 

0.0026-0.95 

0027-1.0 

0028-1.0 



* Find in the table the refractive index which is next lower than the reading actu- 
all V made and note the corresponding whole number for the per cent of dry substance 
Subtract the refractive index obtained from the table from the observed reading; 
the decimal corresponding to this difference, as dven in the column so marked, is 
added to the whole per cent of dry substance as first obtained. 
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Table 13. 
Corrections for temperature. 



[Chap. 



TBIIPCBA- 


DBT SUBSTANCB 


TUBB or 

THB 
PBI8U8IN 





5 


10 


15 


20 


2A 


30 


40 


50 


60 


70 


80 


M 


•c. 


Subtract— 


20 
21 

22 
23 
24 
25 
26 
27 


0.53 
0.46 
0.40 
0.33 
0.26 
0.20 
0.12 
0.07 


0.54 
0.47 
0.41 
0.33 
0.26 
0.20 
0.12 
0.07 


0.55 
0.48 
0.42 
0.34 
0.27 
0.21 
0.i3 
0.07 


0.56 
0.49 
0.42 
0.35 
0.2f 
0.2J 
0.1' 
0.0' 


0.57 
0.50 
0.43 
0.36 
0.28 
0.22 
0.14 
0.07 


0.58 
0.51 
0.44 
0.37 
0.29 
0.22 
0.15 
0.07 


0.60 
0.52 
0.45 
0.38 
0.3C 
0.2.^ 
O.lf 

o.« 


0.62 
0.54 
0.47 
0.39 
0.31 
0.2? 
O.lf 

o.a 


0.64 
0.56 
0.48 
0.40 
0.32 
0.24 
0.16 
0.08 


0.62 
0.54 
0.47 
0.39 
0.31 
0.23 
0.16 
0.08 


0.61 
0.53 
0.46 
0.38 
0.31 
0.23 
0.15 
0.08 


0.60 
0.52 
0.45 
0.38 
0.30 
0.23 
0.15 
0.08 


0.58 
0.50 
0.44 
0.38 
0.30 
0.22 
0.14 
0.07 




Add- 


29 
30 
31 
32 
33 
34 
35 


0.07 
0.12 
0.20 
0.26 
0.33 
0.40 
0.46 


0.07 
0.12 
0.20 
0.26 
0.33 
0.41 
0.47 


0.07 
0.13 
0.21 
0.27 
0.34 
0,42 
0.48 


0.07 
0.14 
0.21 
0.28 
0.35 
0.42 
0.49 


0.07 
0.14 
0.22 
0.28 
0.36 
0.43 
0.50 


0.07 
0.14 
0.22 
0.29 
0.37 
0.44 
0.51 


0.08 
0.15 
0.23 
0.30 
0.38 
0.45 
0.62 


0.08 
0.15 
0.23 
0.31 
0.39 
0.47 
0.54 


0.08 
0.16 
0.24 
0.32 
0.40 
0.48 
0.56 


0.08 
0.16 
0.23 
0.31 
0.39 
0.47 
0.54 


0.08 
0.16 
0.23 
0.31 
0.38 
0.46 
0.53 


0.08 
0.15 
0.23 
0.30 
0.38 
0.45 
0.52 


0.07 
0.14 
0.22 
0.30 
0.38 
0.44 
0.50 
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ASH. 
Method L—Official, 



Heat 5-10 grams of the sample in a 50-lOO^ce. platinum dish at lOO^C. until the 
water is expelled, add a few drops of pure olive oil, and heat slowly over a flame 
until swelling ceases. Then place the dish in a muffle and heat at low redness until 
a white ash is obtained. 



14 



Method II. --Official. 



Carbonize the mass at a low heat, dissolve the soluble salts in hot water, bum 
the residual mass as directed in 13, add the solution of soluble salts, and evaporate 
to dryness at lOO^C, ignite gently, cool in a desiccator, and weigh. 

15 Method III. —Official. 

Saturate the sample with sulphuric acid, dry, ignite gently, then burn in a muf- 
fle at low redness. Deduct one tenth of the weight of the ash, and calculate the 
per cent. • 

16 QUAimTATIVB ANALYSIS OF THB ASH.-OFFICIAL. 
Proceed as directed under HI. 



17 



SOLUBLE AND INSOLUBLE ASH.--TBNTATIVB. 



Ash the material as directed under 13 or 14. Add water to the ash in the plati- 
num dish, heat nearly to boiling, filter through an ashless filter paper, and wash 
with hot water until the combined filtrate and washings measure about 60 re. Re- 
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IX\ 8ACCHABINE PBODUCTB 71 

turn the filter paper and contents to the platinum dish, ignite carefully, and weigh. 
Calculate the percentages of water-soluble and water-insoluble ash. 

18 alkalhutt of thb soluble ash.-tbntativb. 

Cool the filtrate from 1 7 and titrate with N/10 hydrochloric acid, using metJ^yl 
orange as an indicator. 

Express the alkalinity in terms of the number of oc. of N/10 acid per 1 gram of 
the sample. 

19 ALXALmiTT OF THS mSOLUBLB ASH.~TBNTAT1VB. 

Add an excess of N/10 hydrochloric acid (usually 10-15 oc.) to the ignited insolu- 
ble ash in the platinum dish, under 1 7, heat to boiling over an asbestos plate, cool, 
and titrate the excess of hydrochloric acid with N/10 sodium hydroxid, using methyl 
orange as an indicator. 

Express the alkalinity in terms of the number of co. of N/10 acid per 1 gpram of 
the sample. 

20 laifSRAL ABULTBRANTS III THB ASH.~TBNTATIVB. 

Mix 100 grams of molasses, sirup, honey, or the confectionery solution prepared 
as directed under 1 (b) and evaporate to a sirupy consistency, with about 35 grams 
of concentrated sulphuric acid in a large porcelain evaporating dish. Pass an 
electric current through it while stirring by placing one platinum electrode in the 
bottom of the dish near one side and attaching the other to the lower end of the 
glass rod with which the contents are stirred. Begin with a current of about 1 
ampere and gradually increase to 4 (modified from method of Budde and Schou* 
for determining nitrogen electrolytically). In 10-15 minutes the mass is reduced 
to a fine dry char, which may be readily burnt to a white ash in the original dish 
over a free flame or in a muffle. 

This method* is preferred to the ordinary method of heating with sulphuric acid, 
especially in the case of molasses, because, if properly manipulated, it comes quietly 
into the form of a very finely divided char or powder, especially adapted for subse- 
quent quick ignition. 

If an electric current is not available, treat in a large porcelain dish 100 grams of 
the saccharine solution, evaporated to a sirupy consistency, with sufficient concen- 
trated sulphuric acid to thoroughly carbonise the mass and ignite in the usual 
manner. 

The following adulterants may be present: salts of tin, used in molasses to bleach; 
mineral pigments, such as chromate of lead in yellow confectionery; oxid of iron, 
sometimes used to simulate the color of chocolate; and copper. These elements 
may be detected by the usual qualitative tests. 

21 HEIROOBN.— TBNTATIVB. 

Determine nitrogen in 5 grams of the material as directed under I, 1 8, 21 or 23, 
using a larger quantity of the sulphuric acid if necessary for complete digestion. 

SUCR08B. 

22 Method I,— Tentative, 

(Substances in which the volume of the combined insoluble matter and precipitate 
from clarifying agents is less than 1 cc. from 26 grams.) 

Determine sucrose by polarisation before and after inversion, as directed under 

vm. 14. 
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72 METHODS OF ANALYSIS [Chap. 

All products which contain dextrose or other reducing suears in the crystalline 
form, or in supersaturated solution, exhibit the phenomenon of birotation. The con- 
stant rotation only should be employed in the Clerget formula, and to obtain this 
the solutions prepared for direct polarization should be allowed to stand overnight 
before making the reading. If it is desired to make the direct reading immediately, 
the birotation may be destroyed by heating the neutral solution to boiling for a few 
minutes or by adding a few drops of strong ammonium hydroxid before completing 
the volume. 

23 Method II. (Double dilution method^)— Tentative. 

(Substances in which the volimie of the combined insoluble matter and 
precipitate from clarifying agents is more than 1 cc. from 26 grams.) 

Weigh out a half normal weight of the sample and make up the solution to 100 
cc, employing the appropriate clarifier (basic lead acetate for dark colored con- 
fectionery or molasses and alumina cream for light colored confectionery). Also 
weigh out a normal weight of the sample and make up a second solution with the 
clarifier to 100 cc. Filter and obtain direct polariscopic readings of both solu- 
tions. Invert each solution as directed in 22 and obtain its invert reading. 

The true direct polarization of the sample is the product of the two direct read- 
ings divided by their difference. 

The true invert polarization is the product of the two invert readings divided 
by their difference. 

Calculate the sucrose from the true polarizations thus obtained by the formula 
given under VED, 14. 

COMMBRCIAL GLUCOSB CAPPROZIMATB). 

24 Method L-'TeniaUve. 

(Substances containing little or no invert sugar.) 

Commercial glucose can not be determined accurately owing to the varying 
amounts of dextrin, maltose, and dextrose present in this product. However, in 
sirups, in which the amount of invert sugar is so small as not to appreciably affect 
the result, commercial glucose may be estimated approximately by the following 
formula:^ 

_, (a -8) 100 .... 

G ■= -zz m which 

176 

G " per cent of commercial glucose; 

a B direct polarization; 

S B per cent of cane sugar. 

Express the results in terms of commercial glucose polarizing +175*^. 

Method II.— Tentative. 

25 (Substances containing invert sugar. ^) 

Prepare an inverted half normal solution of the substance as directed under 
Vni, 14 except that after inversion cool the solution, make neutral to phenol- 
phthalein with sodium hydroxid solution, slightly acidify with hydrochloric acid, 
and treat with 5-10 cc. of alumina cream before making up to the mark. Filter 
and polarize at 87°C. in a 200 mm. jacketed tube. Multiply the reading by 200 and 
divide by the factor 163 to express the amount of glucose present in terms of glu- 
cose polarising +175^V. 
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26 RBDUCniO SUGARS.— TBHTATIVB. 

Detennine either as dextrose or invert pugar as directed under VIII, 50, 51, 
52, 54, or 21, 23, 25, 36 or 39. 

27 STARCH.— tbntauvb. 

Measure 25 ec. of a solution or uniform mixture, prepared as directed in 1 (b), 
(representing 5 grams of the sample) into a 300 cc. beaker, or introduce 5 grams of 
the finely ground sample (previously extracted with ether if the sample contains 
much fat) into the beaker, add sufficient water to make the volume 100 cc, heat 
to about iiO**C. (avoiding if possible gelatinizing the starch) and allow to stand 
for about an hour, stirring frequently to secure complete solution of the sugars. 
Transfer to a stout wide-mouthed bottle, rinse the beaker with a little warm water, 
cool, add an equal volume of 95% alcohol, mix, and allow to stand at least an hour. 
Centrifugalize until the precipitate is closely packed on the bottom of the bottle 
and decant the supernatant liquid through a hardened filter. Wash the precipi- 
tate with successive 50 cc. portions of 50% alcohol by centrifugalizing and decant- 
ing through the filter until 3 or 4 drops of the washings give no test for sugar with 
alphanaphthol as described under 68. Transfer the residue from the bottl e and 
the hardened filter to a large fiask and detennine starch as directed under ViU, 
60. 

BTHXR EXTRACT IN COnFBCTIONBRT. 

28 CorUintums Extraction. — TerUcttive. 

(1) Measure 25 cc. of a 20% mixture or solution, prepared as directed under 1 
(b), into a very thin, readily frangible, glass evaporating shell (Hofmeiater Sch&lchen), 
containing 5-7 grams of freshly ignited asbestos fiber; or (2) If impossible to ob- 
tain a uniform sample, weigh 5 grams of the mixed finely divided sample into a 
dish, and wash with water upon the asbestos in the evaporating shell, using, if neces- 
sary, a small portion of the asbestos fiber on a stirring rod to transfer the last traces 
of the sample from the dish to the shell. Dry to constant weight at 100°C., cool, 
wrap loosely in smooth paper, crush into rather small fragments between the fin- 
gers, transfer carefully the crushed mass, exclusive of the paper, to an extraction 
tube or a fat extraction cartridge. A thin lead disk (bottle cap) may be substituted 
for the Schfilchen. The disk may then be cut into small pieces and placed in the 
extraction tube. Extract with anhydrous ether or petroleimi ether (b. p. 45°-60®C. 
and without weighable residue) in a continuous extraction apparatus for at least 25 
hours. In most cases it is advisable to remove the substance from the extractor 
after the first 12 hours, grind with sand to a fine powder, and re-extract for the re- 
maining 13 hours. Transfer the extract to a tared flask, evaporate the solvent, dry 
to constant weight in an oven at lOO^'C. 

29 Roeae-Gottlieb Method.— TmUative, 

Substances such as butter-scotch, invariably yield extremely inaccurate results 
by the above method. In such cases introduce 4 grams of the material, or an amount 
of a uniform solution equivalent to this amount of the dry substance, into a Rdhrig 
tube or similar apparatus, make up to a volume of 10 cc. with water, add 1.25 cc. 
of concentrated ammonium hydroxid and mix thoroughly. Add 10 cc. of 95% alco- 
hol and mix. Then add 25 cc. of washed ether and shake vigorously for half a min- 
ute; then add 25 cc. of petroleum ether (b. p. below 60°C.), and shake again for 
half a minute. Allow to stand for 20 minutes or until the separation between the 
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liquids is complete. Draw o£F as much as possible of the ether-fat solution (usually 
0.5-0.8 cc. will be left) into a weighed flask through a small, rapid filter. The flask 
should be weighed with a similar one as a counterpoise. Again extract the liquid 
remaining in the tube, this time with 15 cc. each of ether and petroleimi ether, shake 
vigorously half a minute with each, and allow to settle. Proceed as above, wash- 
ing the tip of the spigot and the filter with a few cc. of a mixture of equal parts of 
the 2 ethers (previously mixed and free from deposited water). For absolutely 
exact results the extraction must be repeated. This third extraction usually yields 
not more than about 1 mg. of fat, if the previous ether-fat solutions have been 
drawn off closely, or an amount averaging about 0.02% on a 4 gram charge. Evapo- 
rate the ether slowly on a steam bath, then dry the fat in a boiling water oven until 
the loss in weight ceases. Test the purity of the fat by dissolving in a little petro- 
leum ether. Should a residue remain, wash the fat out completely with petroleum 
ether, dry the residue, weigh, and deduct the weight. 

30 PARAFFIN IN CONFBCTIONBRT.—TBNTATIVB. 

Add to the ether extract in the flask, as above obtained, 10 cc. of 95% alcohol 
and 2 cc. of sodium hydroxid solution (1 to 1), connect the flask with a reflux con- 
denser, and heat for an hour on the water bath, or until saponification is complete. 
Remove the condenser and allow the flask to remain on the bath until the alcohol 
is evaporated and the residue is dry. Dissolve the residue as completely as pos- 
sible in about 40 cc. of water and heat on the bath, shaking frequently. Wash into 
a separatory funnel, cool, and extract with 4 successive portions of petroleum ether, 
which are collected in a tared flask or capsule. Evaporate the petroleum ether 
and dry in the oven to constant weight. 

Any phytosterol or cholesterol present in the fat would be extracted with the 
paraffin. The amount is so insignificant that it may be disregarded generally. 
The character of the final residue should, however, be confirmed by determining 
its melting point, specific gravity, and refractive index. 

31 ALCOHOL IN SIRUPS USBD IN CONFBCTIONBRT (*'BRANDT DROPS**).— TBNTATIVB. 

Collect in a beaker the sirup from a sufficient number of pieces to yield 30-50 
grams of sirup. Strain the sirup into a tared beaker and weigh. Introduce the 
sirup into a 250-300 cc. distilling flask, dilute with half its volimie of water, attach 
the flask to a vertical condenser and distil almost 50 cc, or as much of the liquid as 
possible without causing charring. Foaming may be prevented by adding a little 
tannin, or a piece of paraffin about the size of a pea, to the contents of the distil- 
lation flask. Cool the distillate, make up to volume with water, mix well, and 
ascertain the specific gravity of the liquid by means of a pycnometer, and obtain 
the corresponding weight of alcohol in the 50 cc. of distillate from XVI, 5. Cal- 
culate the per cent by weight of alcohol in the candy filling. 

32 COLORING MATTBR.— TBNTATIVB. 
Proceed as directed under XI. 

33 1IBTALS.-TBNTATIVB. 

Proceed as directed under XII. 
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HONEY.* 

34 FRSPARATION OF SAMPLB.—TBNTAUVB. 

(a) Liquid or strained honey. — If the sample is free from granulation, mix thor- 
oughly by stirring or shaking before drawing weighed portions for the analytical 
determination. If the honey is granulated, place the container, having the stoppeV 
loose, in a water bath, and heat at a temperature not exceeding 50°C. until the sugar 
cr3r8tals dissolve; mix thoroughly, cool, and weigh portions for the analytical de- 
terminations. If sediment such as particles of comb, wax, sticks, bees, etc., are 
present, heat the sample to 40°G. in a water bath and filter through cheese-cloth 
before weighing portions for analysis. 

(b) Conib horsey. — Cut across the top of the comb, if sealed, and separate com- 
pletely from the comb by straining through a 40 mesh sieve. When portions of the 
comb or wax pass through the sieve, heat the sample as in (a) and strain through 
cloth. If the honey is granulated in the comb, heat until the wax is liquified, stir. 
cool, remove the wax and take the clear liquid for analysis. 

35 MOISTURE. 

Weigh 2 grams of the sample into a tared, flat-bottomed aluminium dish, having a 
diameter of about 60 mm. and containing 10-15 grams of fine quartz sand, which has 
been previously washed, dried and ignited, and a small glass stirring rod; add 5-10 
cc. of water and thoroughly incorporate with the sand and honey mixture by means 
of the rod; dry the dish and its contents to constant weight in a vacuum oven at 
a temperature not exceeding 70^C. 

36 ASH.-~OFFICIAL. 

Weigh 5-10 grams of honey into a platimmi dish, add a few drops of pure olive 
oil to prevent spattering, and heat carefully until swelling ceases and then ignite 
at a temperature not above dull redness until a white ash is obtained. 

37 SOLUBLE ASH.-TBNTATIVB. 
Proceed as directed under 17. 

38 ALKAUNITT OF THE SOLUBLE ASH.-TBNTATIVE. 

Proceed as directed under 18. 

POLARIZATION. 

39 Direct Polarization. — Tentative. 

(a) Immediate direct poZanea/iVm.— Transfer 26 grams of the honey to a 100 
cc. flask with water, add 5 cc. of alumina cream, dilute to the mark with water at 
20^C., filter, and polarize immediately in a 200 mm. tube. 

(b) Constant direct polarization. — ^Pour the solution from the tube used in read- 
ing (a) back into the flask, stopper, and allow to stand for 24 hours. At the end of 
this time again polarize the solution at 20°C. in a 200 mm. tube. 

(C) Birotation.— 'The difference between (a) and (b) gives the birotation. 
(d) Direct polarization at 87**C. — Polarize the solution, obtained in (b), at 87®C. 
in a jacketed 200 mm. tube. 
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40 Invert PolaritaHon, — Tentative, 

(a) At fO^C— Invert 50 cc. of the solution obtained in 39 as directed under 
Vin, 14 or 16, and polarize at TXfC in a 200 mm. tube. 

(b) At ST'^C, — Polarize the solution, obtained as directed in (a), at 87*^0. in a 200 
mm. jacketed tube. 

41 REDUCING SUGARS.— TBIfTATIVB. 

Dilute 10 cc. of the solution, used for direct polarization, 39, to 250 cc. and de- 
termine reducing sugars in 25 cc. of this solution by one of the methods given under 
VIII, 25, 36, 39 or 56, respectively. Calculate the result to per cent of invert 
sugar. 

42 SUCROSB.—TBNTATIVB. 

Proceed as directed under VIII, 18. Determine reducing sugars after inver- 
sion by diluting 10 cc. of the solution obtained in 40, with a small amount of water, 
neutralizing with sodium carbonate, and making up to 250 cc. with water. Employ 
50 cc. of this solution for the determination, uaing the same method as in 41 . 

43 LBVULOSB.— TBNTATIVB. 

Multiply the direct reading at ST^'C, 39 (d), by 1.0315 and subtract the product 
from the constant direct polarization at 20*^0., 39 (b): divide the difference by 2.3910 
to obtain the grams of levulose in a normal weight of the honey. From this figure 
calculate the per cent of levulose in the original sample. 

44 DBZTROSB.— TBNTATIVB. 

Subtract the per cent of levulose, obtained in 43, from the per cent of invert 
sugar, found in 41 , to obtain the approximate per cent of dextrose. 

The dextrose can be determined more accurately by multipljring the per cent 
of levulose, as found in 43, by the factor 0.915, which gives its dextrose equivalent 
in copper reducing power. Subtract this figure from that of the reducing sugars, 41 , 
calculated as dextrose, to obtain the percentage of dextrose in the sample. (Owing 
to the difference in the reducing powers of different sugars, the sum of the dex- 
trose thus found and the levulose as obtained in 43 will be greater than the amount 
of invert sugar obtained in 41). 

45 DBXTRIN (APPROZDCATB).— TBNTATIVB. 

Transfer 8 grams of the sample (4 grams in the case of dark colored honey-dew 
honey) to a 100 cc. flask (using not more than 4 cc. of water) by allowing the sam- 
ple to drain from the weighing dish into the flask and then dissolving the residue in 
2 cc. of water. After adding this solution to the contents of the flask, rinse the 
weighing dish with two 1 cc. portions of water to which a little alcohol is added sub- 
sequently. Fill the flask to the mark with absolute alcohol, shaking constantly. 
Set the flask aside until the dextrin has collected on the sides and bottom and the 
liquid is clear. Decant the clear liquid through a filter paper and wash the resi- 
due in the flask with 10 cc. of 95% alcohol, pouring the washings through the same 
filter. Dissolve the dextrin in the flask with boiling water and filter through the 
filter paper already used, receiving the filtrate in a tared dish, prepared as directed 
under 4. Rinse the flask and wash the filter a number of times with small portions 
of hot water, evaporate on a water bath and dry to constant weight in vacuo 
at TO^'C. 
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After detennining the weight of the alcohol precipitate, dissolve the latter in 
water and make up to definite volume, using 50 cc. of water for each 0.5 gram of pre- 
cipitate or part thereof. 

Determine reducing sugars in the solution both before and after inversion as 
directed under VIII, 18, expressing the results as invert sugar. Calculate sucrose 
from the results thus obtained and subtract the simi of the reducing sugars before 
inversion and sucrose from the weight of the total alcoholic precipitate to obtain 
the weight of the dextrin. 

46 FRBB ACID.— TBNTATIVB. 

Dissolve 10 grams of the honey in water and titrate with N/10 sodium hydroxid 
using phenolphthalein as an indicator. Express the results in terms of cc.of N/10 
sodiimi hydroxid required to neutralise 100 grams of the sample. 

47 GLUCOSE.— TBNTATIVB. 

Qualxtaiive test, — ^Dilute the honey with water in the proportion of 1 to 1, then add 
a few cc. of iodin solution (1 gram of iodin, 3 grams of potassiimi iodid, 50 cc. of 
water). In the presence of glucose the solution turns red or violet, the depth and 
character of the color depending upon the quality and nature of the glucose em- 
ployed. A blank test with a pure honey of about the same color should be made 
in order to secure an accurate color comparison. Should the honey be dark and 
the percentage of glucose very small, precipitate the dextrin which may be pres- 
ent by adding several volumes of 95% alcohol. Allow to stand until the precipitate 
settles (do not filter), decant the liquid, dissolve the residue of dextrins in hot 
water, cool and apply the above test to this solution. A negative result is not 
proof of the absence of glucose as some glucose, especially of high conversion, does 
not give any reaction with iodin.* 

Quantitative test. — ^An approximate determination can be made by Browne's 
formula as follows: Multiply the difference in the polarizations of the invert solu- 
tion at 20°C. and 87*'C. by 77 and divide this product by the percentage of invert 
sugar after inversion found in the sample. Multiply the quotient by 100 and di- 
vide the product by 26.7, to obtain the percentage of honey in the sample; 100 per 
cent minus the per cent of honey gives the percentage of glucose. 

COMMERCIAL INVERT SUGAR.io 

QUALITATIVE TESTS. 

Fiehe Test (Bryan Modification^^). -—Tentative. 

48 REAGENT. 

Resordn soliUion. — ^Dissolve 1 gram of resorcin in 100 cc. of hydrochloric acid, 
sp. gr. 1.19. 

49 MANIPULATION. 

Introduce 10 cc. of a 50% honey solution into a test tube and add 5 cc. of ether. 
Shake gently and allow to stand for some time until the ether layer is clear. Trans- 
fer 2 cc. of this clear ether solution to a small test tube and add a large drop of the 
resorcin solution. Shake and note the color immediately. In the presence of arti- 
ficial invert sugar, the resorcin assumes immediately an orange-red color turning 
to dark red. 
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FediT Anilxn Chlarid TesL^^^TmUaHve. 

50 BBAGSNT. 

Anilxn ehlorid soltUxon.'—To 100 cc. of C. P. anilin add 30 co. of 25% hydrochloric 
acid. 

51 MANIPULATION. 

Introduce 5 grams of the honey into a porcelain dish and add 2.6 cc. of the anilin 
reagent. A bright red color indicates the presence of commercial invert sugar. 

52 DIASTASBJU 

Mix 1 part of honey with 2 parts of sterile water. Treat 10 cc. of this solution 
with 1 cc. of 1% soluble starch solution and digest at iS'^C. for an hour. At the end 
of this time test the mixture with 1 cc. of iodin solution (1 gram of iodin, 2 grams 
of potassiimi iodid, 300 cc. of water). Treat another 10 cc. portion of the honey 
solution, mixed with 1 cc. of the soluble starch solution, without heating to 45^C., 
with the reagent and compare the colors produced. If the original honey had not 
been heated sufficiently to kill the diastase, an olive-green or brown coloration will 
be produced in the mixture that has been heated at 45''G. Heated or artificial 
honey becomes blue. 

BfAPLB PRODUCTS. 

53 PREPARATION OF SAMPLE.— TBNTATIVB. 

(a) Maple sirup. — ^Determine the moisture by the method given under 54 (a) . If 
the moisture is less than 35%, and there is some mineral sediment, pour the clear 
sirup into a beaker, washing the sediment also into the beaker with water. Then 
concentrate the sirup by boiling to a moisture content of about 35% (b. p. 104^C.). 
Set aside until cool, or preferably let the covered material stand overnight, and 
pour off the clear liquid for the analytical work. Where no sediment is present 
the sample is ready for anal3rsis after careful mixing. Where sugar has crystal- 
lised out, warm to dissolve the sugar before starting the analysis. It is desira- 
ble in order to compare results upon different samples, to reduce all results other 
than moisture to a dry substance basis as determined in the clear sirup. 

(b) Maple etigar, maple cream, maple tDaz, etc. — ^Determine moisture, by the meth- 
od given under 54 (b), in the sample in its original condition by thoroughly mixing, 
if semi-plastic, or by rubbing up in a mortar representative portions of the product 
if solid. For all other analytical determinations use a solution prepared as fol- 
lows: Weigh roughly 100 grams of the product into a beaker and dissolve by boil- 
ing with 200 cc. of water. Decant the resulting sirup while hot through a muslin 
filter, concentrate by boiling to a moisture content of 35% (b. p. lOl^'C), cool, or 
preferably let the covered material stand overnight, set aside until clear, and use 
this clear sirup for anal3rsis. It is desirable, in order to compare results upon 
different samples, that all results except moisture be expressed upon a dry basis. 

54 MOISTURE.— TENTATIVE. 

(a) Maple eirup. — Proceed as directed under 35 or 10. 

(b) Maple eugar, maple cream, etc. — ^Proceed as directed under 35. 

55 POLARIZATION.— TENTATIVE. 

(a) Direct at fO^C— Proceed as directed under VEH, 14. 

(b) Ifwert at fO^'C— Proceed as directed under VIII, 14. 

(C) Invert at ST^'C. — ^Proceed as directed under 25 to detect commercial glucose. 
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56 SBDUCmO SUGARS AS IRVBRT SUGAR^TBNTATIVB. 

(a) Before itwersion. — Proceed as directed under VIII, 25, using an aliquot of 
the solution used for direct polarisation, 55 (a), and only neutral lead acetate for 
clarification. 

(b) After itwernan. — ^Proceed as directed under VIII, 25, using an aliquot of 
the solution used for the invert polarisation, 55 (b), and only neutral lead acetate 
for clarification. 

SUCROSE. 

57 By Polarizadon, — TerUative. 
Proceed as directed under Vm, 14 or 16. 

56 By Reducing Sugare Before and After Iwereion, — Tentative. 

PSroceed as directed under VIII, 18. 

59 TOTAL ASH.-TBNTATIVB. 
Proceed as directed under 13. 

60 SOLUBLE AND HfSOLUBLE ASH.— TENTATIVE. 

Proceed as directed under 17. 

61 ALKALINITT OP THE SOLUBLE ASH.-TENTATIVE. 

Proceed as directed under 18. 

62 ALKALINITT OP THE INSOLUBLE ASH.-TENTATIVE. 

Proceed as directed under 19. 

LEAD NUMBER (WINTON).— TENTATIVE. 

63 BBAGBNTS. 

Standard haste lead acetate eolution. — ^Boil 430 grams of normal lead acetate and 
130 grams of litharge, for 30 minutes, or boil 560 grams of Home's dry basic lead 
acetate with 1 liter of water, cool, allow to settle and dilute the supernatant liquid 
to 1.26 sp. gr. To a measured amount of this solution add 4 volumes of water and 
filter if not perfectly clear. The solution should be standardised each time a set 
of determinations is made. 

If the directions for preparing the basic lead acetate are not carried out care- 
fully, the use of Home's dry basic lead acetate is preferable. 



DETBBMINATION OF LEAD IN THE BLANK. 



64 

Transfer 25 cc. of the standard basic lead acetate to a 100 cc. flask, add a few drops 
of acetic acid, and make up to the mai;k with water. Shake and determine lead 
sulphate in 10 cc. of the solution as directed under 65. The use of the acid is im- 
perative in this case to keep the lead in solution, when diluted with water. 

65 DBTEBMINATION. 

Transfer 25 grams of the sample to a 100 cc. flask by means of water. Add 25 
cc. of the standard basic lead acetate and shake, fill to the mark, shake, and allow to 
stand for at least 3 hours before filtering. Pipette 10 cc. of the clear filtrate into 
a 250 cc. beaker, add 40 cc. of water and 1 cc. of concentrated sulphuric acid, shake 
and add 100 cc. of 95% alcohol. Allow to stand overnight, filter on a tared Qooch, 
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wash with 95% alcohol, dry in a water oven, and ignite in a muffle or over a Bun- 
sen burner, applying the heat gradually at first, and avoiding a reducing flame. 
Cool and weigh. Subtract the weight of lead sulphate so found from the weight of 
lead sulphate found in the blank, 64, and multiply by the factor 27.325. The use 
of this factor gives the lead number directly without the various calculations other- 
wise required. 

MALIC-ACID VALUB. 

66 Cowlea Method^* — Tentative. 

Weigh 6.7 grams of the sample into a 200 cc. beaker, add 5 cc. of water, then 2 
cc. of a 10% calciimi acetate solution and stir. Add gradually, and with constant 
stirring, 100 cc. of 95% alcohol, and agitate the solution until the precipitate set- 
tles, or let stand, imtil the supernatant liquid is clear. Filter off the precipitate 
and wash with 75 cc. of 85% alcohol. Dry the filter paper and ignite in a platinum 
dish. Add 10 cc. of N/10 hydrochloric acid and warm gently until all the lime 
dissolves. Cool and titrate back with N/10 sodiimi hydroxid, using methyl orange 
as an indicator. The difference in cc. divided by 10 represents the malic acid value 
of the sample. Previous to use the reagents should be tested by a blank determina- 
tion and any necessary corrections applied. 

67 MBTALS.— TBNTATIVB. 
Proceed as directed under XII. 

SUGAR HOUSE PRODUCTS. 
SUCROSE IN BEETS. 

68 Alcohol Extraction Method (Herzfeld Modification^*). — Tentative. 

Weigh 26 grams of the beet pulp and transfer to a 100 cc. flask with about 50 cc. 
of 90% alcohol and 3-^ cc. of basic lead acetate solution. Connect a reflux condenser 
to the flask and place on a boiling water bath for 10-15 minutes. Then pour the 
whole into a Soxhlet extractor, washing out the flask with fresh portions of 00% 
alcohol. Connect the same 100 cc. flask to the extractor, and fit the latter with 
a return condenser. Add 90% alcohol until the siphon is started and the flask is 
about three fourths full. Place the flask in a covered water bath kept at a heat 
that will allow the alcohol to boil freely. Continue the extraction for 1-4 hours, 
or until a test of the alcohol in the extractor gives no color with alpha-naphthol 
solution when tested as follows: Introduce into a test tube a few drops of the alco- 
hol coming from the extractor, add 4 or 5 drops of a 20% alcoholic alpha-naphthol 
solution and 2 cc. of water. Shake well, tip the tube, and allow 2-5 cc. of colorless 
concentrated sulphuric acid to flow down the side of the tube; then hold the tube 
upright and, if sucrose is present, a color varying from a faint to a deep violet will 
be noted at the junction of the two liquids. On shaking, the whole solution becomes 
a blue violet color. This test is suitable for this work, but it must be remembered 
that other substances besides sucrose give this color reaction. 

Remove the flask, transfer to a 100 cc. graduated flask, cool to the standard 
temperature, dilute to the mark with 90% alcohol, shake and filter, keeping the 
funnel covered with a watch glass. Polarize in a 200 nun. tube. 

Avoid evaporation and changes of temperature and also use a minimum amount 
of basic acetate for clarification, 3 cc. rather than 5 cc. By digesting the beet 
pulp with the alcohol before extraction, the time of extraction is greatly shortened, 
the pulp becomes thoroughly impregnated with the alcohol, and all the air is re- 
moved, resulting in a good extraction of the whole material. If the pulp is fine 
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and tends to dog the siphon, alcohol-washed cotton may be used as a plug in the 
extractor before adding the beet pulp, and a fine mesh screen may be placed over 
the pulp to keep the whole compact in the extractor. 

69 Pellet Aqueous Method^* (Hot Digestion). —Tentative. 

Weigh 52 grams of the beet cuttings and transfer them with water to a wide- 
mouthed flask graduated to a content of 201.2 cc. ; add 5-10 cc. of basic lead acetate 
solution, fill the flask to the mark with hot water, and shake. Inunerse the flask 
in a water bath at 80°C. and rotate at intervals. Add water from time to time so 
that at the end of the heating (about 30 minutes) the water in the flask is a little 
above the mark. Remove the flask from the water bath and allow it to cool to 
standard temperature. Add sufficient concentrated acetic acid to make the solu- 
tion very slightly acid (generally less than 0.5 cc.) and a few drops of ether to break 
the foam. Make up to the mark, mix thoroughly, filter, and polarize in a 200 mm. 
tube. 

The fineness of the pulp governs the time of heating. Add enough water at the 
start and maintain this volimie during the extraction, so that not more than 5 cc. of 
water will be necessary to complete the volume after cooling. The proportion of 
pulp to water must not be increased beyond the prescribed amount, for when smaller 
proportions of water to pulp are used and then a larse quantity of water is added at 
the last to make up to volume, the sugar does not oecome equally diffused and the 
results are too low. Differences of over 1% in sugar content may be caused by lack 
of care in this particular. 

70 Hot Water Digestion Method.—Tentative. 
(Herzfeld Modification of the Sachs Le Docte Method^'.) 

There are needed nickel-plated sheet iron vessels, 11 cm. high, cm. body diame- 
ter, and 4 cm. mouth diameter, also stoppers covered with tin foil to fit the same. 

Weigh 26 grams of the beet pulp on a watch glass (small enough to go into the 
neck of the beaker) and transfer to the metal beaker, add 177 cc. of dilute basic 
lead acetate solution (5 parts of basic lead acetate solution (sp. gr. 1.25) to 100 
parts of water), shake and stopper lightly. Submerge the beaker in a water bath 
at 75°-80**C. for 30 minutes, shaking intermittently. When all the air has been 
expelled (generally after 5, minutes), tighten the stopper. After 30 minutes, shake, 
cool to standard temperature, filter, add a drop of acetic acid to the filtrate and 
polarize in a 400 mm. tube. The reading is the per cent of sugar in the beet pulp. 
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SALICYLIC ACm. 

1 PREPARATION OF SAMPLE. 

(a) Non-^dcoholic liquids, — ^Many liquids may be extracted directly as described 
in 2 or 4 without further treatment. If gums or mucilaginous substances are present, 
pipette 100 cc. into a 250 cc. volumetric flask, add about 5 grams of sodiimi chlorid, 
shake until the latter is dissolved, make up to the mark with alcohol, shake vigor- 
ously, allow the mixture to stand for 10 minutes with occasional shaking, filter 
through a dry folded filter and treat an aliquot of the filtrate as directed under (b). 

(b) Alcoholic liquids, — ^Make 200 cc. of the sample alkaline with sodiimi hydroxid 
solution, using litmus as an indicator, and evaporate on a steam bath to about one 
third its original volume. Dilute to the original volume with water and filter, if 
necessary, through a dry filter. 

(C) Solid or semi-solid substances, — Grind the sample and mix thoroughly. Trans- 
fer a convenient quantity (50-200 grams according to the consistency of the sam- 
ple) to a 500 cc. volumetric flask, add sufficient water to make a volume of about 
400 cc, shake until the mixture becomes uniform, add 2-5 grams of calciimi chlorid, 
shake until the latter is dissolved, render distinctly alkaline with sodium hydroxid 
solution, using litmus as an indicator, fill to the mark with water, shake thoroughly, 
allow to stand for at least 2 hours shaking frequently and filter through a large 
folded filter. 

DETECTION AND ESTUATION. 

2 Ferric Chlorid Test,— Qualitative, 

Introduce 50 cc. of the sample or an equivalent amount of an aqueous extract, 
prepared as directed under 1, into a separatory funnel, add one tenth its volume 
of dilute hydrochloric acid (1 to 3) and extract with 50 cc. of ether. If the mixture 
emulsifies, add 10-15 cc. of petroleum ether (b. p. below OO^C.) and shake. If this 
treatment fails to break the emulsion whirl the mixture in a centrifuge, or allow it 
to stand until a considerable portion of the aqueous layer has separated, run off 
the latter, shake vigorously and again allow to separate. Wash the ether layer 
with two 5 cc. portions of water, evaporate the greater portion of the ether in a por- 
celain dish on a steam bath, allow the remainder to evaporate spontaneously and 
add a drop of 0.5% ferric chlorid solution. A violet color indicates salicylic acid. 

If coloring matter or other interfering substances are present in the residue 
left after evaporation of the ether, purify the salicylic acid by one of the following 
methods: 

(a) Dissolve the residue from the ether extract, obtained as directed above, 
in about 25 cc. of ether, transfer the latter to a separatory fimnel and shake with 
an equal quantity of water, made distinctly alkaline with several drops of am- 
moniimi hydroxid. Allow to separate, filter the aqueous layer through a wet fil- 
ter into a porcelain dish, evaporate almost to dryness, and test the residue as directed 
above. 

(b) Dry the residue from the ether extract, obtained as directed above, in a 
desiccator over sulphuric acid and extract with several 10 cc. portions of carbon 
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disulphid or petroleum ether (b. p. below 60^C.)} rubbing the contents of the dish 
with a glass rod, and filtering the successive portions of the solvent through a dry 
paper into a second porcelain dish. Evaporate the greater portion of the solvent 
on a steam bath, allow the remainder to evaporate spontaneously and test the 
residue as directed above. 

(C) Transfer the residue from the ether extract, obtained as directed above, 
to a small porcelain crucible by means of a few cc. of ether and allow the solvent 
to evaporate spontaneously. Cut a hole in a piece of asbestos board sufficiently 
large to admit about two thirds of the crucible, cover the latter with a small, round- 
bottomed flask filled with cold water, and heat over a small Bunsen flame until 
any salicylic acid present has sublimed and condensed upon the bottom of the 
flask. Test the sublimate as directed above. 

3 Jons8en*8 Teat J — Qualitative, 

Dissolve the residue from the ether extract, obtained as directed under 2, or, 
in case impurities are present, the purified material obtained as directed under 2 
(a), (b) or (C) in a little hot water. Cool 10 cc. of the solution in a test tube, add 

4 or 5 drops of 10% potassium nitrite solution, 4 or 5 drops of 50% acetic acid and 
1 drop of 10% cupric sulphate solution, mix thoroughly and heat to boiling. Boil 
for half a minute and allow to stand for 1-2 minutes. In the presence of salicylic 
acid a blood red color will develop. 

Colorimetric Method. — QuarUitattpe. 

4 BXTRACnON. 

Pipette a convenient portion of the sample (100 cc. or a volume representing not 
less than 20 grams of the original sample) or a solution, prepared as in 1 , into a sepa- 
ratory funnel, make the solution neutral to litmus with dilute hydrochloric acid 
(1 to 3) and add an excess of concentrated hydrochloric acid equivalent to 2 ee. 
of acid for each 100 cc. of solution. Extract with 4 separate portions of ether, 
using for each extraction a volume of ether equivalent to half the volume of the 
aqueous layer. If an emulsion forms on shaking, this may usually be broken by 
adding a little (one fifth the volume of the ether layer) petroleum ether (b. p. be- 
low 60^C.) and shaking again or by centrifugalising. If an emulsion still persists, 
allow it to remain with the aqueous layer. If an emulsion remains i^ter the 
fourth extraction, separate it from the clear ether and the clear aqueous layer 
and extract it separately with 2-3 small portions of ether. Combine the ether 
extracts, wash with one tenth their volume of water, allow the layers to separate 
and reject the aqueous layer. Wash in this way until the aqueous layer after sepa- 
ration jrields a yellow color upon the addition of methyl orange and 2 drops of N/10 
sodium hydroxid. Distil slowly the greater part of the ether, transfer the remainder 
to a ]K>rcelain dish and allow the ether to evaporate spontaneously. If there are 
no interfering substances present, proceed as directed in 5. If such interfering 
substances are present, purify the residue by one of the following methods: 

(a) Dry thoroughly the residue in vacuo over sulphuric acid and extract with 
10 portions of 10-15 cc. each of carbon disulphid or petroleum ether (b. p. below 
60^C.), rub the contents of the dish with a gla^ rod and filter the successive portions 
of the solvent through a dry filter into a porcelain dish. Test the extracted resi- 
due with a drop of ferric alum solution and, if it gives a reaction for salicylic acid, 
dissolve it in water and reextract with ether, proceeding as directed above. Dis- 
til the greater portion of the carbon disulphid or petroleum ether and allow the 
remainder to evaporate spontaneously. Proceed as directed in 5. 
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(b) Dissolve the residue in 40-^ cc. of ether. Transfer the ether solution to 
a separator^ funnel and extract with 3 successive 15 cc. portions of 1% ammonium 
hydroxid. (If fat is known to be present in the original ether extract, extract the 
latter directly with 4 portions of the ammonium hydroxid instead of 3.) Combine 
the alkaline aqueous extracts, acidify, again extract with ether and wash the com- 
bined ether extracts as directed above. Distil slowly the greater portion of the 
ether, allow the remainder to evaporate spontaneously and proceed as directed in 5. 

5 DETBRMINATION. 

Dissolve the residue, obtained in 4, in a small amount of hot water and, after 
cooling, dilute to a definite volume (usually 50-100 cc), dependent on the amount 
of salicylic acid present. If the solution is not clear, filter through a dry filter. 
Dilute aliquots of the solution and treat with a few drops of 0.5% ferric chlorid 
solution or 2% ferric alum solution. 

The ferric alimi solution should be boiled until a precipitate appears, allowed to 
settle, and filtered. The acidity of the solution is slightly increased in this manner, 
but it remains clear for a considerable time, and the turbidity caused by its dilution 
with water is much less and does not appear as soon as when the unboiled solution 
is used. This turbidity interferes with the exact matching of the color. 

Compare the colors developed with that obtained when a standard salicylic acid 
solution (containing 1 mg. of salicylic acid in 50 cc.) is similarly treated, using 
Nessler tubes or a colorimeter. In either case, and especially with ferric chlorid, 
avoid an excess of the reagent, although an excess of 0.5 cc. of 2% ferric alum solu- 
tion may be added to 50 cc. of the comparison solution of salicylic acid without 
impairing the results. 

BENZOIC Acm. 

PREPARATION OF SAMPLE. 

6 General Method. 

If solid or semi-solid, grind the sample, and mix thoroughly. Transfer about 
150 grams to a 500 cc. graduated flask, add enough pulverised sodium chlorid to 
saturate the water in the sample, render alkaline with sodium hydroxid solution 
or milk of lime, and dilute to the mark with a saturated salt solution. Allow to 
stand for at least 2 hours, with frequent shaking, and filter. If the sample contains 
large amounts of matter precipitable by salt solution, it is advisable to follow a 
method similar to that given under 7 (d). When alcohol is present, follow the 
method given under 7 (C). When large amounts of fats are present, make an 
alkaline extraction of the filtrate before proceeding as directed under 11. 

7 Special Methods. 

(a) Ketchup, — Saturate the water in 150 grams of ketchup by adding 15 grams of 
pulverized sodium chlorid. Transfer the mixture to a 500 cc. graduat >d flask, rins- 
ing with about 150 cc. of saturated sodium chlorid solution. Make slightly alkaline 
to litmus paper with strong sodium hydroxid solution and fill to the mark with satu- 
rated salt solution. Allow to stand for at least 2 hours, shaking frequently. 
Squeeze through a heavy muslin bag and then filter through a large folded filter. 

(b) JeUieSf jams, preserves and marmalades, — Dissolve 150 grams of the sam- 
ple in about 300 cc. of saturated salt solution. Add 15 grams of pulverized sodium 
chlorid. Make alkaline to litmus paper with milk of lime. Transfer to a 500 cc. 
graduated flask and dilute to the mark with saturated salt solution. Allow to 
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stand for at least 2 hours, shaking frequently, centrifugalize if necessary, and 
filter through a large folded filter. 

(C) Cider containing alcohol, and similar prodtu:t8, — ^Make 250 cc. of the sample 
alkaline to litmus paper with sodium hydroxid solution and evaporate on the steam 
bath to about 100 cc. Transfer the sample to a 250 cc. graduated flask, add 30 grams 
of pulverized sodium chlorid and shake until dissolved. Dilute to the original 
volume, 250 cc, with saturated salt solution, allow to stand for at least 2 hours, 
shaking frequently, and filter through a folded filter. 

(d) Salted or dried fish.— W&sh 50 grams of the ground sample into a 600 cc. gradu- 
ated flask with water. Make slightly alkaline to litmus paper with strong sodium 
hydroxid solution and dilute to the mark with water. Allow to stand for at least 
2 hours, shaking frequently, and then filter through a folded filter. Pipette accu- 
rately as large a portion of the filtrate as possible (at least 300 cc.) into a second 
500 cc. flask. Add 30 grams of the pulverized sodium chlorid for each 100 cc. of 
solution. Shake until the salt has dissolved and dilute to the mark with saturated 
salt solution. Mix thoroughly and filter off the precipitated protein matter on 
a folded filter. 

8 DBTBCTION AND BSTIMATION. 

Extract benzoic acid as directed under 2 or 4. If benzoic acid is present in 
considerable quantity, it will crystallize from the ether in shining leaflets having 
a characteristic odor on heating. Dissolve the residue in hot water, divide into 
2 portions, and test according to 9 or 10. 

9 Ferric Chlorid Test, — Qucditative. 

Make the solution from 8 alkaline with ammonium hydroxid, expel the excess of 
anmionia by evaporation, dissolve the residue in water, and add a few drops of a 
neutral 0.5% ferric chlorid solution. A brownish precipitate of ferric benzoate 
indicates the presence of benzoic acid. 

10 Modified Mohler Test,^— Qualitative, 

Add to the water solution, prepared as described under 8, 1-3 cc. of N/3 sodium 
hydroxid and evaporate to dryness. To the residue, add 5-10 drops of concentrated 
sulphuric acid and a small crystal of potassium nitrate. Heat for 10 minutes in 
a glycerol bath at 120°-130''C., or for 20 minutes in a boiling water bath. The 
temperature must not exceed 130^C. After cooling add 1 cc. of water and make 
distinctly anmioniacal; boil the solution to decompose any ammonium nitrite which 
may have been formed. Cool and add a drop of fresh, colorless ammonium sulphid, 
without allowing the layers to mix. A red-brown ring indicates benzoic acid. 
On mixing, the color diffuses through the whole liquid and, on heating, finally changes 
to greenish yellow. This differentiates benzoic acid from salicylic acid or cinnamic 
acid. The last two form colored compoimds, which are not destroyed by heating. 
The presence of phenolphthalein interferes with this test. 

11 Quantitative Method, 

Pipette a convenient portion (100-200 cc.) of the filtrate, obtained in 6 or 7, into a 
separatory funnel. Neutralize the solution to litmus paper with hydrochloric 
acid (1 to 3) and add an excess of 5 cc. of the same acid. In the case of salted fish 
a precipitation of protein matter usually occurs on acidifying, but the precipitate 
does not interfere with the extraction. Extract carefully with chloroform, using 
successive portions of 70, 50, 40, and 30 cc. To avoid an emulsion, shake cautiously 
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each time. The chloroform layer usually separatee readily after standing a few 
minutes. If an emulsion forms, break it: (1) by stirring the chloroform layer with 
a glass rod; (2) by drawing it off into a second funnel and giving 1 or 2 sharp shakes 
from one end of the funnel to the other; or (3) by centrifugalising for a few moments. 
As this is a progressive extraction, draw off carefully as much of the clear chloro- 
form solution as possible after each extraction, but do not draw off any of the emul- 
sion with the chloroform layer. If this precaution is taken, the chloroform extract 
need not be washed. 

Transfer the combined chloroform extracts to a porcelain evaporating dish, 
rinse the container several times with a few cc. of chloroform, and evaporate to 
dryness at room temperature in a current of air dried over calcium chlorid. 

The extract may also be transferred from the separatory funnel to a 300 cc. Erlen- 
meyer flask, rinsing the separatory funnel 3 times with 5-10 cc. of chloroform. Dis- 
til very carefully to about one fourth the original volume, keeping the temperature 
down so that the chloroform comes over in drops, not in a steady stream. Then 
transfer the residue to a porcelain evaporating dish, rinsing the flask 3 times with 
5-10 cc. portions of chloroform, and allow to evaporate to dryness spontaneously. 

Dry the residue overnight (or until no odor of acetic acid can be detected if the 
product is a ketchup) in a desiccator containing sulphuric acid. Dissolve the resi- 
due of bensoic acid in 30-50 cc. of neutral alcohol, add about one fourth this volume 
of water, 1 or 2 drops of phenolphthalein, and titrate with N/20 sodium hydroxid 
(1 cc. is equivalent to 0.0072 gram of anhydrous sodiimi bensoate). 

SACCHARIN. 

12 Qualitative Test 

Extract with ether (after maceration and exhaustion with water, if necessary), 
as directed in 1 and 4. Allow the ether extract to evaporate spontaneously and 
note the taste of the residue. The presence of saccharin, to the extent of 20 mg. 
per liter, is indicated by a sweet taste. Confirm by heating with sodium hydroxid, 
as described below, and detecting the salicylic acid formed thereby. A sweet taste, 
suggesting the presence of a trace of saccharin, has been obtained frequently in 
saccharin-free wines, due to the so-called "false saccharin". 

Acidify 50 cc. of a Liquid food or the aqueous extract of 50 grams of a solid or semi- 
solid, prepared as directed in 1 (C), and extract with ether as directed in 1 3. Dis- 
solve the residue, remaining after evaporation of the ether, in a little hot water 
and test a small portion of this solution for salicylic acid as directed under 2 or 3. 
Dilute the remainder of the solution to about 10 cc, and add 2 cc. of sulphuric 
acid (1 to 3). Heat to boiling and add a slight excess of 5% potassium perman- 
ganate solution, drop by drop; partly cool the solution, dissolve a piece of sodium 
hydroxid in it, and filter the mixture into a silver dish (silver crucible lids are well 
adapted to the purpose); evaporate to dr3mess and heat for 20 minutes at 210^- 
215^0. Dissolve the residue in water, acidify with hydrochloric acid and test the 
ether extract for salicylic acid as directed under 2 or 3. By this method all the 
so-called "false saccharin" and the salicylic acid naturally present (also added 
salicylic acid when not present in too large an amount) are destroyed, while 5 mg. 
of saccharin per liter are detected with certainty. 

13 Quantitative Method, 

Pipette 100 cc. of the sample, or a convenient portion of a solution, prepared 
as directed under 1 , representing not less than 20 grams of the sample, into a sepa- 
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ratory funnel, make the solution neutral to litmus with dilute hydrochloric acid 
(1 to 3) and then add concentrated hydrochloric acid in the proportion of 5 cc. for 
each 100 cc. of solution. Extract with 4 separate portions of ether using, for each 
extraction, a volume of ether equivalent to half the volume of the aqueous layer. 
If the mixture emulsifies on shaking, this difSculty may be overcome as directed 
under 4, Wash the combined ether extracts with two 5 cc. portions of water, re- 
move the ether by distillation, and transfer the residue into a platinum crucible 
by means of a small amount of ether. Evaporate the ether on a steam bath, add 
about 2-3 cc. of 10% sodium carbonate solution to the residue, rotate so that all 
of the residue is brought into contact with the solution, and evaporate to dryness 
on a steam bath. Add 4 grams of a mixture of equal parts of anhydrous sodium and 
potassium carbonates, heat gently at first, and then to complete fusion for 30 minutes 
over an alcohol or other sulphur-free flame. Cool, dissolve the melt in water, acidify 
with hydrochloric acid and determine the sulphate present as bariimi sulphate. 
Correct the result thus obtained for any sulphur present in the fusion mixture as 
found in a blank determination. Calculate the amount of saccharin in the sample 
by multiplying the weight of barium sulphate by 0.7845. 

BORIC ACm AND BORATES. 

14 Qualitative TestJ 

Preliminary teet. — Immerse a strip of turmeric paper in the sample acidified 
with hydrochloric acid in the proportion of 7 cc. of concentrated acid to each 100 
cc. of sample, and allow the paper to dry spontaneously. If borax or boric acid is 
present, the paper will acquire a peculiar red color, changed by ammonium hydroxid 
to a dark blue-green but restored by acid. Solid or pasty samples may be heated 
with enough water to make them sufficiently fluid, concentrated hydrochloric acid 
added in about the proportion of 1 to 13 and the liquid tested in the same way. 

Canfirmat&ry teat.— Make about 25 grams of the sample decidedly alkaline with 
lime water and evaporate to dryness on a water bath. Ignite the residue to de- 
stroy organic matter. Digest with about 15 cc. of water, add concentrated hydro- 
•chloric acid, drop by drop, until the ignited residue is dissolved, and then add 1 cc. 
in excess. Saturate a piece of turmeric paper with the solution, and allow it to 
dry without the aid of heat. In the presence of borax or boric acid, the color change 
will be the same as given above. 

15 QuanHtaHve Method.* 

Make lO-lOO grams of the sample (depending upon the nature of the sample 
and the amount of boric acid present) distinctly alkaline with sodium hydroxid 
solution and evaporate to drsmess in a platinum dish. Ignite the residue until 
organic matter is destroyed, avoiding an intense red heat, cool, digest with about 
20 cc. of hot water, and add hydrochloric acid, drop by drop, until the reaction is 
distinctly acid. Filter into a 100 cc. flask, and wash with a little hot water, the 
volume of the filtrate not to exceed 50-60 cc. Return the filter containing any 
unburned carbon to the platinum dish, make alkaline by wetting thoroughly with 
lime water, dry on a steam bath and ignite to a white ash. Dissolve the ash in 
a few cc. of dilute hydrochloric acid and add to the liquid in the 100 cc. flask, rins- 
ing the dish with a few cc. of water. To the combined solutions, add 0.5 gram of 
aalcium chlorid and a few drops of phenolphthalein, then 10% sodium hydroxid 
solution until a permanent light pink color is produced, and finally dilute to 
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the mark with lime water. Mix and filter through a dry filter. To 50 co. of the 
filtrate add N/1 sulphuric acid until the pink color disappears, then add methyl 
orange, and continue the addition of the acid until the yellow color is changed to 
pink. Boil for about 1 minute to expel carbon dioxid. Cool, and carefully add 
N/5 sodium hydroxid until the liquid assumes a yellow tinge, avoiding an excess 
of the alkali. All the boric acid is now in a free state with no uncombined sulphuric 
acid present. Add a little phenolphthalein, and an equal volume of neutral glycerol. 
Titrate with N/5 sodium hydroxid until a permanent pink color is produced. About 
10 grams of mannitol may be substituted for the glycerol in this determination. 
At the end of the titration add an additional 2 grams and continue the titration if 
the pink color is discharged. Repeat the alternate addition of mannitol and alkali 
until a i)ermanent end point is reached. 

One cc. of N/5 sodium hydroxid is equivalent to 0.0124 gram of boric acid. 

FORMALDEHYDE. 

16 FRBPARATION OF SAMPLE. 

If solid or semi-solid, macerate 200-300 grams of the material with about 100 cc. 
of water in a mortar. Transfer to a short-necked, 500^800 oc. copper or glass dis- 
tillation flask and make distinctly acid with phosphoric acid, connect with a con- 
denser and distil 40-50 cc. In the case of highly colored liquids, the same method 
of preparation should be employed. 

In the case of meats and fats, extract the formaldehyde with alcohol and use the 
filtrate. In the case of fat, heat the mixture above the melting point of the fat to 
insure thorough extraction. In the case of milk, shake with an equal volume of 
strong alcohol and use the filtrate. Shake other liquids with an equal volume of 
strong alcohol and filter from any insoluble matter. 

QUALITATIVE TESTS. 

1 7 Phenylhydrcudn Hydrochlorid Method. * 

Mix 5 cc. of the distillate, as prepared under 16, or of an alcoholic solution or 
extract obtained as directed above, with 0.03 gram of phenylhydrasin hydrochlorid, 
and 4 or 5 drops of a 1% ferric chlorid solution. Add slowly and with agitation, 
in a bath of cold water to prevent heating the liquid, 1-2 cc. of concentrated sul- 
phuric acid. Dissolve the precipitate by the addition either of concentrated sul- 
phuric acid (keeping the mixture cool) or alcohol. In the presence of formaldehyde 
a red color develops. 

This method gives reliable reactions for formaldehyde in solutions of formalde- 
hyde varying from 1 part in 50,000 to 1 part in 150,000. Acetaldehyde and bens- 
aldehyde give no reaction when treated by this method and do not interfere with 
the reaction given by formaldehyde. 

18 Hehntr Method.^ 

Mix about 5 cc. of the distillate, obtained in 1 6, with an equal volume of pure 
milk, or a 1-2% solution of egg albumen, in a test tube and underlay with strong 
commercial sulphuric acid without mixing. A violet or blue color at the junction 
of the two liquids indicates formaldehyde. This color is given only in the presence 
of a trace of ferric chlorid or other oxidizing agent. As pointed out by Hehner, 
milk may be treated directly by this method and gives positive tests in the presence 
of 1 or more parts of formaldehyde per 10,000. Some other articles of food rich 
in proteins, for example, egg albumen, give the reaction in the presence of water 
without the addition of milk. 
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19 Leach Method. 

Mix about 5 cc. of the distillate, obtained under 16, with an equal volume of pure 
milk in a porcelain casserole and add about 10 cc. of concentrated hydrochloric 
acid, containing 1 cc. of 10% ferric chlorid solution, to each 500 cc. of acid. Heat 
to SO^-OO^C. directly over the gas flame, rotating the casserole to break up the curd. 
A violet coloration indicates formaldehyde. 

Rimini Method.'' 

20 Phenylhydrazin Hydrochlorid and Sodium Nitro-'prueeid Test. 

This method may be applied directly to liquid foods, to an aqueous or alcoholic 
extract of solid foods, or to the distillate prepared as directed in 1 6. In the case 
of milk, apply the method directly. In the case of meat, conmiinute the sample, 
extract with 2 volumes of hot water, and employ the expressed liquid for the test. 
Heat fats above their melting point with 10 cc. of alcohol, shake thoroughly, cool, 
filter through a moistened filter, and use the filtrate for the test. 

Dissolve a lump of phenylhydrazin hydrochlorid about the size of a pea in 3-5 
cc. of the liquid to be tested, add 2-4 drops (not more) of a 5-10% sodium nitro- 
prussid solution and 8-12 drops of an approximately 12% sodium hydroxid solution. 
If formaldehyde is present, a green or blue color develops depending upon the 
amount. When formaldehyde is present to the extent of more than 1 part in 70,000- 
80,000 in the solution tested, a distinct green or bluish green reaction is obtained. 
In more dilute solutions the green tint becomes less marked and a yellow tinge tend- 
ing toward greenish brown develops. 

With this method acetaldehyde and benzaldehyde give a color varying from 
red to brown, according to the strength of the solution. A reaction may there- 
fore be obtained with these aldehydes similar to that obtained with formaldehyde 
in solutions more dilute than 1 part in 70,000. The presence of acetaldehyde or 
benzaldehyde together with formaldehyde gives a yellowish or yellowish green 
tinge. The reaction for formaldehyde may therefore be masked by the presence 
of other aldehydes, but is characteristic when a clear green color is obtained. 

21 Phenylhydrazin Hydrochlorid and Potassium Ferricyanid Test, 

Proceed as directed in 20, substituting a solution of potassium ferricyanid for 
the sodium nitro-prussid. Formaldehyde gives a red color. Alcoholic extracts 
from foods must be diluted with water to prevent the precipitation of potassium 
ferricyanid. The test is not applicable in the presence of the coloring matter of 
blood. 

22 Phenylhydrazin Hydrochlorid and Ferric Chlorid Test. 

Treat 15 cc. of milk or other liquid food or of the distillate, prepared as directed 
under 16, with 1 cc. of a dilute phenylhydrazin hydrochlorid solution, then with 
a few drops of dilute ferric chlorid solution and, finally, with concentrated hydro- 
chloric acid. The presence of formaldehyde is indicated by the formation of a 
red color, which changes after some time to orange yellow. 

Milk may be examined directly by this method, but more delicate tests may be 
obtained from the distillate from milk or from milk serum. Acetaldehyde or benz- 
aldehyde does not interfere with the reaction. 
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23 Pkloroglucol Method. • 

To 10 cc. of milk or other liquid food under examination in a test tube add, by 
means of a pipette, 2 cc. of phloroglucol reagent (1 gram of phloroglucol, 20 grams of 
sodiimi hydroxid and water to make 100 cc.)i placing the end of the pipette on the 
bottom of the tube in such a manner that the reagent will form a separate layer. 

If formaldehyde be present, a bright red coloration (not purple) forms at the 
Bone of contact. This solution gives a yellow color in the presence of some alde- 
hydes, and, if it is used for the detection of aldehyde formed by the oxidation of 
methyl alcohol after the destruction of ethyl aldehyde with hydrogen peroxid, an 
orange yellow color will slowly appear when an insufficient amount of hydrogen 
peroxid has been employed. On the other hand, if the excess of hydrogen 
peroxid is not fully destroyed before the use of this reagent, a purple color develops 
slowly. The clear, red color given by the use of this reagent forms quickly, and, 
in the presence of but a small amount of formaldehyde fades rapidly. 

FLUORIDS. 

QUAUTATIVE TESTS. 

24 Method I.^ModiJUd Method of BlareeJ 

Thoroughly mix the sample and boil 150 cc. (in the case of solid foods an aqueous 
extract may be employed provided the fluorids are in a soluble form). Add to the 
boiling liquid 5 cc. of 10% potassium sulphate solution and 10 cc. of 10% barium 
acetate solution. Collect the precipitate in a compact mass (a centrifuge may be 
used advantageously) and wash upon a small filter. Transfer to a platinum crucible 
and ignite. 

Dip a carefully cleaned glass plate, while hot, in a mixture of equal parts of Car- 
naUba wax and paraffin and allow to cool. Make, with a sharp instrument, a dis- 
tinctive mark through the wax, taking care not to scratch the surface of the glass. 

Add a few drops of concentrated sulphuric acid to the residue in the crucible 
and cover with the waxed plate, having the mark nearly over the center and mak- 
ing sure that the edge of the crucible is in close contact with it. Keep the top sur- 
face of the plate cool by means of a suitable device and heat the crucible for an hour 
at as high a temperature as practicable without melting the wax (an electric stove 
gives the most satisfactory form of heat). 

If fluorids be present, a distinct etching will be apparent on the glass where it 
was exposed. 

25 Method 11. 

The preceding method may be varied by mixing a small amount of precipitated 
silica with the precipitated barium fluorid and applying the method for the detection 
of fluosilicates, under 27 or 28. 

This method is of value in the case of foods whose ash contains a considerable 
amount of silica. Under these circumstances, concentrated sulphuric acid liber- 
ates silicon fluorid, which would escape detection under 24. 

FLUOBORATES AND FLUOSILICATES. 

26 PREPARATION OF SAMPLS. 

Make about 2(X) grams of the sample alkaline with lime water, evaporate to dry- 
ness, and incinerate. Extract the crude ash with water, to which sufficient acetic 
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acid has been added to decompose carbonates, filter, ignite the insoluble portion, 
extract with dilute acetic acid, and again filter. The insoluble portion now con- 
tains calcium silicate and fluorid, while the filtrate will contain all the boric acid 
present. 

QUALITATIVE TESTS. 

27 Method /.'• 

Incinerate the filter, from 26, containing the insoluble portion, mix with a little 
precipitated silica, transfer to a short test tube, attached to a small U-tube contain- 
ing a few drops of water and add 1-2 cc. of concentrated sulphuric acid. Keep 
the test tube in a beaker of water on the steam bath for 3(M0 minutes. If any 
fluorin be present, the silicon fluorid generated will be decomposed by the water 
in the (J-tube and will form a gelatinous deposit on the walls of the tube. 

Next test the filtrate as directed under 14. If both hydrofluoric and boric acids 
be present, it is probable that they are combined as borofluorid. If, however, 
silicon fluorid is detected and not boric acid, the operation should be repeated with- 
out the introduction of the silica, in which case the formation of the silicon skeleton 
is conclusive evidence of the presence of fluosilicate. In an ash containing an ap- 
preciable amoimt of silica, sulphuric acid will liberate silicon fluorid rather than 
hydrofluoric acid. The presence of a fluosilicate is indicated, therefore, and not 
the presence of a fluorid. 

28 Method II. 

Incinerate the filter, from 26, containing the insoluble portion, in a platinum 
crucible, mix with a little precipitated silica, and add 1 cc. of concentrated sul- 
phuric acid. Cover the crucible with a watch glass, from the underside of which 
a drop of water is suspended, and heat for an hour at 70^-80**C., keeping the watch 
glass cooled. The silicon fluorid which is formed is decomposed by the water, leav- 
ing a gelatinous deposit of silica and etching a ring at the periphery of the drop 
of water. Test the filtrate for boric acid as directed under 14. 

SULPHUROUS ACID. 

29 Qualitative Teet.^^ 

Add some sulphur-free sine, and several cc. of hydrochloric acid to about 25 
grams of the sample (with the addition of water, if necessary) in a 200 cc. Erlen- 
meyer flask. In the presence of sulphites, hydrogen sulphid will be generated 
and may be detected with lead acetate paper. Traces of metallic sulphids are 
occasionally present in vegetables, and will give the same reaction as sulphites 
under the conditions of the above test. Positive results obtained by this method 
should be verified by the distillation method under 30. 

It is always advisable to make the quantitative determination of sulphites, 
owing to the danger that the test may be due to traces of sulphids. A trace is not 
to be considered sufficient indication of the presence of sulphur dioxid either as a 
bleaching agent or as a preservative. 

TOTAL SULPHUROUS ACID. 

30 Method I. —Distillation Method. 

Distil 20-100 grams of the sample (adding recently boiled water if necessary) 
in a current of carbon dioxid, after the addition of about 5 cc. of a 20% glacial phos- 
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phoric acid solution, until 150 cc. have passed over. Collect the distillate in about 
100 cc. of nearly saturated bromin water, allowing the end of the condenser to dip 
below the surface. The method and apparatus may be simplified without material 
loss in accuracy by omitting the current of carbon dioxid, adding 10 cc. of phosphoric 
acid instead of 5 cc, and dropping into the distillation flask, immediately before 
attaching the condenser, a piece of sodium bicarbonate weighing not more than 
1 gram. The carbon dioxid liberated is not sufficient to expel the air entirely from 
the apparatus, but will prevent oxidation to a large extent. When the distillation 
is finished, boil off the excess of bromin, dilute the solution to about 250 cc, add 5 
cc of hydrochloric acid (1 to 3), heat to boiling, and precipitate the sulphuric acid 
with 10% barium chlorid solution. Boil for a few minutes longer, allow to stand 
overnight in a warm place, filter on a weighed Qooch, wash with hot water, ignite 
at a dull red heat, and weigh as barium sulphate. 

31 Method II. —Direct Titration Method. 

In the examination of wine, fairly accurate results may be obtained by the fol- 
lowing method: 

Place 25 cc. of 6.6% potassium hydroxid solution in a 200 cc flask. Introduce 
50 cc of the sample, mix with the potassium hydroxid solution, and allow the mix- 
ture to stand for 15 minutes with occasional agitation. Add 10 cc. of sulphuric acid 
(1 to 3) and a few cc. of starch solution, and titrate the mixture with N/50 iodin solu- 
tion. Introduce the iodin solution as rapidly as possible and continue the addition 
until the blue color persists for several minutes. One cc. of N/50 iodin is equiva- 
lent to 0.00064 gram of sulphur dioxid. 

DBTBRMINATION OP FKBB SULPHUROUS ACID. 

32 (Especially Adapted to Wine.) 

Treat 50 ec of the sample in a 200 cc. flask with about 5 cc of sulphuric acid 
(1 to 3) add about 0.6 gram of sodium carbonate to expel the air, and titrate the sul- 
phurous acid with N/50 iodin, as directed under 31 . 

BBTA-NAPHTHOL. 

33 Qiuditative Test. 

Extract 200 cc of the sample, or of its aqueous extract, prepared as directed 
under 1 (C), with 10 cc. of chloroform in a separatory funnel. To the chloroform 
extract in a test tube add a few drops of alcoholic potash, and place in a boiling 
water bath for 2 minutes. The presence of beta-napthol is indicated by the forma- 
tion of a deep blue color, which changes to green and then to yellow. 

ABRASTOL. 
QUALITATIVE TESTS. 

34 Sinibaldi Method.^^ 

Make 50 cc. of the sample alkaline with a few drops of ammonium hydroxid and 
extract with 10 cc of amyl alcohol, adding ethyl alcohol if an emulsion is formed. 
Decant the amyl alcohol, filter if turbid, and evaporate to dryness. Add to the 
residue 2 cc. of nitric acid (1 to 1), heat on the water bath until half of the liquid 
is evaporated, and transfer to a test tube with the addition of 1 cc of water. Add 
about 0.2 gram of ferrous sulphate and an excess of ammonium hydroxid, drop by 
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drop, with constant shaking. If the resultant precipitate is of a reddish color, 
dissolve it in a few drops of sulphuric acid, and add ferrous sulphate and ammonium 
hydroxid as before. As soon as a dark colored or greenish precipitate is obtained, 
introduce 5 cc. of alcohol, dissolve the precipitate in sulphuric acid, shake well and 
filter. In the absence of abrastol this method gives a colorless or light yellow liquid, 
while a red color is produced in the presence of 0.01 gram of abrastol. 

35 SangU-Ferrihre Method.^* 

Boil 200 cc. of the sample with 8 cc. of concentrated hydrochloric acid for an 
hour in a flask fitted with a reflux condenser. Abrastol is thus converted into beta- 
naphthol and is detected as directed under 33. 

SUCROL OR DULCIN. 
QUALITATIVE TESTS. 

36 Morpurgo Method,^^ 

Evaporate about 100 cc. of the sample, or of the aqueous extract prepared as 
directed under 1 (C) and neutralised with acetic acid, to a sirupy consistency after 
the addition of about 5 grams of lead carbonate, and extract the residue several 
times with 90% alcohol. Evaporate the alcoholic extract to dryness, extract the 
residue with ether, and allow the ether to evaporate spontaneously in a porcelain 
dish. Add 2 or 3 drops each of phenol and concentrated sulphuric acid and heat 
for about 5 minutes on the water bath, cool, transfer to a test tube and overlay with 
ammonium hydroxid or sodium hydroxid solution with the least possible mixing. 
The presence of dulcin is indicated by the formation of a blue color at the lone of 
contact. 

37 Jorissen Method.^* 

Suspend the residue from the ether extract obtained as directed above in about 
5 cc. of water; add 2-4 cc. of an approximately 10% solution of mercuric nitrate, 
and heat for 5-10 minutes on the water bath. In the presence of sucrol a violet blue 
color is formed, which is changed to a deep violet on the addition of lead peroxid. 

FORMIC ACm. 

Quantitative Method,^ 

38 BBAGBNTS. 

(a) Sodium acetate soZuh'on.— Dissolve 50 grams of dry sodium acetate in suffi- 
cient water to make 100 cc. and filter. 

(b) Mercuric chlorid reagent. — ^Dissolve 100 grams of mercuric chlorid and 150 
grams of sodium chlorid in sufficient water to make 1 liter and filter. 

Cc) Tartaric acid. 
(d) Barium carbonate. 

39 APPARATUS. 

The apparatus required (Fig. 6) consists of a steam generator (S), a 300 cc. flask 
(A) in which the sample is placed, a 500 cc. flask (B), containing a suspension of bari- 
um carbonate, a spray trap (7), a condenser, and a 1 liter graduated flask (C). 
The tip of the tube (D), leading into (B), consists of a bulb containing a number 
of small holes to break the vapor into small bubbles. 
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FIG. 6. APPARATUS FOR DETECTION OF FORMIC ACID. 
40 DBTEBMINATION. 

For thin liquids like fruit juices, use 50 cc. For heavy liquids and semi-solids 
like sirups and jams, use 50 grams diluted with 50 cc. of water. Place the sam- 
ple in the flask (A), add 1 gram of tartaric acid, and connect as shown in Fig. 6, 
the flask (B) having been charged previously with a suspension of 2 grams of barium 
carbonate in 100 cc. of water. If much acetic acid is present, sufficient barium 
carbonate must be used so that at least 1 gram remains at the end of the operation. 
Heat the contents of flasks (A) and (B) to boiling and distil with steam from the 
generator (S), the vapor passing first through the sample in flask (A), then through 
the boiling suspension of barium carbonate in (B), after which it is condensed, and 
measured in the graduated flask (C). Continue the distillation until 1 liter of dis- 
tillate is collected, maintaining the volume of the liquids in the flasks (A) and (B) 
as nearly constant as possible by heating with small Bunsen flames, and avoid- 
ing charring of the sample in the flask (A), After 1 liter of distillate has been col- 
lected, disconnect the apparatus and filter the contents of flask {B) while hot, wash- 
ing the barium carbonate with a little hot water. The filtrate and washings should 
now measure about 150 cc. If not they should be boiled down to that volume. Then 
add 10 cc. of the sodium acetate, 2 cc. of 10% hydrochloric acid, and 25 cc. of the 
mercuric chlorid reagent. Mix thoroughly and immerse the container in a boil- 
ing water bath or steam bath for 2 hours. Then filter on a tared Gooch, wash the 
precipitate thoroughly with cold water and finally with a little alcohol. Dry in a 
boiling water oven for 30 minutes, cool, weigh, and calculate the weight of formic 
acid present by multiplying the weight of the precipitate by 0.0976. If the weight 
of mercurous chlorid obtained exceeds 1.5 grams, the determination must be re- 
peated, using more mercuric chlorid reagent or a smaller amount of sample. A blank 
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test should be conducted with eftch new lot of reagents employed in the reduction, 
using 150 cc. of water, 1 cc. of 10% barium chlorid solution, 2 cc. of 10% hydrochloric 
acid, 10 cc. of the sodium acetate, and 25 cc. of the mercuric chlorid reagent, heat- 
ing the mixture in a boiling water bath or steam bath for 2 hours. The weight of 
mercurous chlorid obtained in this blank test must be deducted from that obtained 
in the regular determination. 
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INFORMATION FOR SUBSCRIBERS AND CONTRIBUTORS 

The Journal of the Association of Official Agricultural Chemists is issued quar- 
terly. Each volume will contain approximately 600 pages. Subscriptions are taken only 
by the volume and not by the year. 

The price of the Journal is $5.00 a volume for all points within the United States and 
Canada; foreign subscriptions $5.50 (23s). 

No claims for copies lost in the mails can be allowed unless such claims are received with- 
in 30 days of the date of issue. Claimants must state directly that the publication was not 
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MERCK'S 

Blue: Labbl Rbagbnts 

are tested according to the book of stand- 
ards, "Chemical Reagents: Their Purity 
and Tests/' The analysis is on every 
label. Instruct your dealer to send you 
Merck's "" blue label '' goods only. 



Chemists looking for information as to the 
possibilities of using 

CENTRIFUGAL APPARATUS 

for Analytical or Experimental purposes are 
invited to send enquiries to 

INTERNATIONAL EQUIPMENT COMPANY 

CAMBRIDGE, MASS. 

asking for Catalog Cz. and for any specific 
information desired. 

HIGH SPEED ELECTRIC CENTRIFUGES 

SOILS EXAMINATIONS SUGAR 

FOODS CONCENTRATIONS SALT 

BLOOD PRECIPITATIONS PULP 
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"\^^S» ^^ really is a wonderful white 

-^ enamel. It has not checked, cracked or 
turned yellow, and it stands washing with either 
hot or cold water." 

HOSPITAL & 

LABORATORY 

ENAMEL 

withstands sulphur, acids, water, and strong fumes. It is different from 
all others, adhering and staying white where others have broken down. 

Just the coating for chemical laboratories, milk stations, dispensaries, 
breweries, etc. 

Used in New York Athletic Club, College of the City of New 
York and many laboratories, etc. 

WRITE FOR DESCRIPTIVE BOOKLET FROM DEPT, so 

TOCH BROTHERS 

ESTABLISHED 1848 

Inventors and Manufacturers of R. I. W. Preser^vative Paints, Compounds, Enamels, Etc. 

320 Fifth Avenue NEW YORK 

Works: Neoju York; London, England, and Toronto, Canada 
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AMERICAN PLATINUM WORKS 

225-231 NEW JERSEY RAILROAD AVENUE, NEWARK, N. J. 

PLATINUM 

Special Refined and Superior 
Hammered Platinum Ware of 
every description constantly on 
hand ready for immediate ship- 
ment. 

If it is Dependable and Excep- 
tional Quality and Skilled Workmanship you want 
in the line of Platinum Ware, be sure that it has 
our TRADE MARK. 




Special Appa- 
ratus made to order 
after Customers' 
Dr awings for 
prompt delivery. 

Send for our 
Descriptive Cata- 
logue illustrating 
complete line of 

Worn out Ware and Platinum Scrap ware we manufac- 
Bought or Exchanged for New ture. 

NEW YORK OFFICE 

CHARLES ENGELHARD, 30 Church St. 
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PYREX 
FLASKS AND BEAKERS 

Pyrex Flasks and Beakers have now been used for several months in industrial, educa- 
tional and research laboratories throughout the United States with universal commendation 
of their quality in comparison with the best products of other American or European makers. 
These reports from users, together with the results of laboratory tests as given below, justify 
the statement that 

Pyrex Flasks and Beakers, as at present made, are distinctly superior 
to similar vessels heretoiPore made either in Europe or America in 
resistance to heat shock, stability towards distilled water and in resist- 
ance to mechanical stress. 

A more extended manufacturing experience is necessary before the manufacturers are 
justified in guaranteeing an absolute uniformity in their product, but the results given below 
mdicate accurately the properties of Pyrex Flasks and Beakers as thus far made, and are 
published with the authority of the Corning Glass Works. 



LABORATORY TESTS ON PYREX BEAKERS 

COOLING SHOCK TEST 

The beaker, three-fourths filled with molten paraffine, is heated on wire gauze over burner to about 
4*0. below the desired temperature, measured by thermometer with bulb centrally located in the 
paraffine. The beaker is removed with 24-inch tongs from the gause and the paraffine stirred by 
means of the thermometer, the bulb being in contact with the bottom. Owing to the fact that the 
^lass is hotter than the paraffine the temperature will rise five or six degrees. After the maximum 
IS reached, at the first indication of a orop, the beaker is immersed as deeply as possible into 
water at IS'C. for about 30 seconds. If it does not crack in that time, it is replaced over the 
flame and heated 10" higher. This is repeated until the beaker cracks. 

RESULT— Average breaking temperature of twenty 400 cc. Pyrex Beakers, 253X2. 

The beakers tested varied in weight from 83 to 114 grams ench, the average being 94.5 grams. 
The minimum breaking temperature was 230**C. and tne maximum 280'C. 



STABn.lTY TEST 

The method employed is that standardised by P. H. Walker for comparing the stability of glasses 
intended for laboratory purposes (see Journal o/ the American Chemical Society, Vol. t7. Page 865^ 
J 906). Beakers of 250 cc. size with 150 cc. redistilled water were immersed in steam bath 48 hours, 
water being added to keep the volume constant. The method usf^ differed from Walker in that 
Walker titrates the alkali in the resulting solution, while in these tests the solution was evaporated 
to dryness in a small platinum dish and the total amount dissolved weighed. Deductions of 0.0001 
to 0.0003 are made for non-volatile impurity in the water. 

RESULT— Average solubility toward distilled water for each 100 square centimeters fti 
exposed area in Pyrex wore, 0.00015 ftrr m. 

DROP TEST FOR MECHANICAL SHOCK 

Starting at six inches the beaker is dropped right side up and as nearly level as possible on a two- 
inch pine plank firmly supported, and this is repeated increasing the height of drop two inches at 
a time. To avoid excessive bounding and possibility of chipping the upper edge, a piece of cloth 
is laid around the spot on which the beaker is dropped. 

RESULT— Average break drop for twenty 400 cc. Pyrex Beakers, 30.7 inclies. 

These beakers varied in weight from 80 to 115 grams each, the averai^e being 05.2 grams. 

We emphasize the importance of the mechanical strength of Pyrex ware as shown 
by the Drop Test, as in practical work most flasks and beakers are broken as a result 
of mechanical shock. The test is so simple as to enable any one to determine the 
superiority of Pyrex ware in this regard as compared with beakers of any other make 
in a few minutes' time. 

We respectfully solicit the aid of American chemists in supporting the principles 
underlying the manufacture, exploitation and sale of Pyrex Flasks and Beakers as out- 
lined in the above and in our previous announcements. 



ARTHUR H. THOMAS COMPANY 

liWi PORTERS-DEALERS-EXPORTERS 

LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE PHILADELPHIA, U. S. A. 
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OFFICERS, REFEREES, ASSOCIATE REFEREES AND COM- 
MITTEES OF THE ASSOCIATION OF OFFICIAL AGRI- 
CULTURAL CHEMISTS, FOR THE YEAR ENDING 
NOVEMBER, 1916. 

Honorary President. 
H. W. WiLBT, Woodward Building, Washington, D. C. 

President, 
R. N. Bbackxtt, Clemson College, S. C. 

Vice President, 
J. K. Hatwood, Bureau of Chemistry, Washington, D. C. 

Secretary'Treasurer, 
C. L. Albbsbg, Bureau of Chemistry, Washington, D. C. 

Additttmal Members of the Executive Committee. 
W. J. JoNBS, Jr., La Fasrette, Ind. E. B. Holland, Amherst, Mass. 

Referees, 

Phosphoric acid: W. J. Jones, Jr., La Fayette, Ind. 
Nitrogen: 

Determination: H. D. Haskins, Amherst, Mass. 
Separation of nitrogenous substances: L. L. Van Slyke, Geneva, N. Y. 
Potash: E. E. Vanatta, Columbia, Mo. 
Soils: J, W, Ames, Wooster, Ohio. 

Dairy products: Harry Klueter, Dairy and Food Department, Madison, Wis. 
Poods and feeding stuffs: A. C. Summers, Department of Agriculture, Commerce 

and Industries, Columbia, S. C. 
Food adulteration: Julius Hortvet, Dairy and Food Commission, St. Paul, Minn. 
Sugar: C. A. Browne, Sugar Trade Laboratory, New York, N. Y. 
Insecticides: R. C. Roark, Bureau of Chemistry, Washington, D. C. 
Inorganic plant constituents: A. J. Patten, East Lansing, Mich. 
Medicinal plants and drugs: W. O. Emery, Bureau of Chemistry, Washington, 

D. C. 
Water: W. W. Skinner, Bureau of Chemistry, Washington, D. C. 
Water in foods and feeding stuffs: W. J. McGee, U. S. Custom House, Savannah, Ga. 
Testing chemical reagents: C. O. Ewing, Bureau of Chemistry, Washington, D. C. 
Organic and inorganic phosphorus in foods, feeding stuffs and drugs: E. B. Forbes, 

Wooster, Ohio. 
Lime requirements of soils: F. P, Veitch, Bureau of Chemistry, Washington, D. C. 
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Associate Referees, 

Phosphoric acid: C. 8. Lykes, ClemBon College, 8. C. 
Nitrogen: 

Detennination: R. B. Deemer, La Fayette, Ind. 

8pecial study of Kjeldahl method: I. K. Phelps, Bureau of Chemistry, Wash- 
ington, D. C. 
Separation of nitrogenous substances: 

Milk and cheese: Leroy 8. Palmer, Columbia, Mo. 

Meat products: P. F. Trowbridge, Columbia, Mo. 
Potash: 

Detennination: T. D. Jarrell, College Park, Md. 
Soils: 

Nitrogenous compounds: C. B. Lipman, Berkeley, Cal. 
Dairy products: J. T. Keister, Bureau of Chemistry, Washington, D. C. 
Foods and feeding stuffs: P. H. Smith, Amherst, Mass. 

Feed adulteration: Carleton Cutler, W. La Fayette, Ind. 

Crude fiber: C. K. Francis, Stillwater, Okla. 
Pood adutteraiion: 

Colors: W. E. Mathewson, Bureau of Chemistry, Washington, D. C. 

Saccharine products: (not appointed). 

Fruit products: P. B. Dunbar, Bureau of Chemistry, Washington, D. C. 

Wine: B. G. Hartmann, Transportation Building, Chicago, 111. 

Beer: H. S. Paine, Bureau of Chemistry, Washington, D. C. 

Distilled liquors: A. B. Adams, Bureau of Internal Revenue, Washington, D.C. 

Vinegfur: E. H. Goodnow, Federal Office Building, Minneapolis, Minn. 

FlavoHng extracts: A. £. Paul, Transportation Building, Chicago, 111. 

Spices: H. £. Sindall, Weikel & Smith Spice Co., Philadelphia, Pa. 

Baking powder: H. E. Patten, Bureau of Chemistry, Washington, D. C. 

Meat and fish: E. D. Clark, 1833 Chestnut Street, Philadelphia, Pa. 

Fats and oils: R. H. Kerr, Bureau of Animal Industry, Washington, D. C. 

Dairy products: Julius Hortvet, Dairy and Food Department, St. Paul, Minn. 

Cereal products: J. A. LeClerc, Bureau of Chemistry, Washington, D. C. 

Vegetables: W. D. Bigelow, National Canners Association, Washington, D. C. 

Cocoa and cocoa products: E. Bloomberg, Federal Building, Buffalo, N. Y. 

Tea and coffee: H. M. Loomis, Eastport, Me. 

Preservatives: A. F. Seeker, U. S. Appraiser's Stores, New York, N. Y. 

Metals in foods: David Klein, State Food Commission, Chicago, 111. 
Sugar: M. N. Straughn, Bureau of Chemistry, Washington, D. C. 
Insecticides: O. B. Winter, East Lansing, Mich. 

Inorganic plant constituents: R. W. Thatcher, University Farm, St. Paul, Minn. 
Medicinal plants and drugs: 

Synthetic products: W. O. Emery, Bureau of Chemistry, Washington, D. C. 

Medicated soft drinks: W. W. Skinner, Bureau of Chemistry, Washington, D. C. 

Medicinal plants: A. Viehoever, Bureau of Chemistry, Washington, D. C. 

Alkaloids: H. C. Fuller, Institute of Industrial Research, Washington, D. C. 

Balsams and gum resins: E. C. Merrill, Bureau of Chemistry, Washington, D. C. 

Pepsin and papain: V. K. Chesnut, Bureau of Chemistry, Washington, D. C. 
WaUr: H. P. Corson, Grove City, Pa. 
Lime requirements of soils: W. H. Mclntire, Knoxville, Tenn. 
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Permanent Committees. 
Codperation with Other Committees on Food Definitions 
Wm. Prear (State College, Pa.)i Chairman. 
Julius Hortvet, St. Paul, Minn. 
J. P. Street, New Haven, Conn. 

Recommendations of Referees and Revision of Methods, 
(Figures in parentheses refer to year in which appointment expires.) 
P. F. Trowbridge (Agricultural Experiment Station, Columbia, Mo.), Chairman, 

SiTBCOMMiTrEB A: A. J. Patten (1918), W. W. Skinner (1916), (Bureau of Chemistry, 
Washington, D. C.) Chairman, B. B. Ross (1920). (Phosphoric acid, nitrogen, 
potash, soils, inorganic plant constituents, insecticides, water and lime require- 
ments of soils.) 

SiTBCOMMiTTEB B: R. E. Stallings (1918), (Department of Agriculture, Atlanta, Ga.) 
Chairman, P. F. Trowbridge (1916), H. C. Lythgoe (1920). (Dairy products, 
foods and feeding stuffs, sugar, water in foods and feeding stuffs, organic and in- 
organic phosphorus in foods, feeding stuffs and drugs, separation of nitrogenous 
substances, testing chemical reagents and medicinal plants and drugs.) 

Subcommittee C: L. M. Tohnan (1918), H. E. Barnard (1916), (State Board of 
Health, Indianapolis, Ind.) Chairman, R. E. Doolittle (1920). (Foo^ adulter- 
ation.) 

Special Committees. 

Board of Editors, 

C. L. Alsberg (Bureau of Chemistry, Washington, D. C), Chairman, 

L. L. Van Slyke (1916). J. P. Street (1918). 

E. F. Ladd (1917). R. E. Doolittle (1919). 

Editing Methods of Analysis (U, S, Bur. Chem. Bull., 107, Rev.), 

R. E. Doolittle (U. S. Appraiser's Stores, New York, N. Y.), Chairman. 

W. A. Withers. A. F. Seeker. 

J. P. Street. G. W. Hoover. 

B. L. Hartwell. 

Availability of Phosphoric Add in Basic Slag. 

C. B. Williams (College of Agriculture and Mechanic Arts, 
West Raleigh, N. C), Chairman. 

C. G. Hopkins. B. L. Hartwell. 

H. D. Haskins. J. A. Bizzell. 

Amendment to the Constitution and By-Laws. 
B. B. Ross (Polytechnic Institute, Auburn, Ala.), Chairman. 
C. L. Alsberg. H. D. Haskins. 

MEMBERS AND VISITORS PRESENT. 

Abbott, J. S., Bureau of Chemistry, Washington, D. C. 
Adams, A. B., Bureau of Internal Revenue, Washington, D. C. 
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Albrech, M. C, Lutz and Schramm, Pittsburgh, Pa. 

Albright, A. R., Bureau of Chemistry, Washington, D. C. 

Allen, R. M., Agricultural Experiment Station, Lexington, Ey. 

Alsberg, C. L., Bureau of Chemistry, Washington, D. C. 

Anderson, Fred T., Bureau of Chemistry, Washington, D. C. 

Atwater, C. G., American Coal Products Co., 17 Battery Place, New York, N. Y. 

Bailey, H. S., Bureau of Chemistry, Washington, D. C. 

Bailey, Lorin H., Bureau of Chemistry, Washington, D. C. 

Baker, E. L., Patent Cereals Co., Geneva, N. Y. 

Baker, H. A., American Can Co., 447 W. 14th Street, New York, N. Y. 

Balcom, R. W., Bureau of Chemistry, Washington, D. C. 

Barnard, H. E., State House, Indianapolis, Ind. 

Bartlett, G. M., Jos. Campbell Company, Camden, N. J. 

Bartlett, James M., Agricultural Experiment Station, Orono, Me. 

Baston, Geo. H., Bureau of Plant Industry, Washington, D. C. 

Bates, C, Bureau of Chemistry, Washington, D. C. 

Baughman, Walter F., Bureau of Chemistry, Washington, D. C. 

Beal, W. H., States Relations Service, Washington, D. C. 

Beyer, G. F., Bureau of Internal Revenue, Washington, D. C. 

Bidwell, G. L., Bureau of Chemistry, Washington, D. C. 

Bigelow, W. D., National Canners Association, 1739 H Street, N. W., Washington, 

D. C. 
Birckner, V., Bureau of Chemistry, Washington, D. C. 
Boughton, E. W., Bureau of Standards, Washington, D. C. 
Bower, J. H., Bureau of Standards, Washington, D. C. 
Boyle, Martin, Bureau of Chemistry, Washington, D. C. 
Boyles, Frank M., McCormick k Co., Baltimore, Md. 
Brackett, R. N., Clemson Agricultural College, Clemson College, S. C. 
Brattain, Paul H., George Washington University, Washington, D. C. 
Breckenridge, J. E., American Agricultural Chemical Co., Carteret, N. J. 
Brewster, J. F., Bureau of Chemistry, Washington, D. C. 
Brinton, C. S., Food and Drug Inspection Laboratory, U. S. Appraiser's Stores, 

Philadelphia, Pa. 
Broughton, L. B., College Park, Md. 

Brown, B. E., Bureau of Plant Industry, Washington, D. C. 
Brown, Lucius P., Bureau of Food and Drugs, City Department of Health, New 

York, N. Y. 
Brown, Wager S., 5301 Connecticut Avenue, Washington, D. C. 
Browne, Chas. A., New York Sugar Trade Laboratory, New York, N. Y. 
Bryan, T. J., Calumet Baking Powder Co., 4100 Fillmore Street, Chicago, 111. 
Bunzell, H. H., Bureau of Plant Industry, Washington, D. C. 
Burnet, W. C, Bureau of Chemistry, Washington, D. C. 
Burnett, L. B., Bureau of Chemistry, Washington, D. C. 

Campbell, W. G., Bureau of Chemistry, Washington, D. C. 
Carpenter, F. B., Virginia-Carolina Chemical Co., Richmond, Va. 
Carroll, John S., German Kali Works, Atlanta, Ga. 

Cathcart, Chas. S., Agricultural Experiment Station, New Brunswick, N. J. 
Cathcart, P. H., National Canners Association, 1739 H Street, N. W., Washington, 
D. C. 



Digitized by 



Google 



1916] MEMBEBS AND VISIT0B8 97 

Cavanaugh, €r60. W., Cornell University, Ithaca, N. Y. 

Chemo£f, Lewis H., Bureau of Chemistry, Washington, D. C. 

Chesnut, V. K., Bureau of Chemistry, Washington, D. C. 

Chittick, J. R., Jaques Mfg. Co., Chicago, III. 

Church, Margaret B., Bureau of Chemistry, Washington, D. C. 

Clark, A. W., Agricultural Experiment Station, Geneva, N. Y. 

Clark, E. D., Food Research Laboratory, 1833 Chestnut Street, Philadelphia, Pa. 

Clevenger, J. F., Bureau of Chemistry, Washington, D. C. 

Cochran, C. B., State Dairy and Food Conmiission, West Chester, Pa. 

Collins, W. D., Bureau of Chemistry, Washington, D. C. 

Conner, S. D., Agricultural Experiment Station, La Fayette, Ind. 

Conover, Courtney, Bureau of Chemistry, Washington, D. C. 

Coopersmith, S., Bureau of Chemistry, Washington, D. C. 

Craig, R. Sewell, City Health Department, Baltimore, Md. 

Custis, H. H., Bureau of Animal Industry, Washington, D. C. 

Cutler, Carleton, 461 Vine Street, W. La Fayette, Ind. 

Dancy, F. B., F. S. Royster Guano Co., Baltimore, Md. 

Daudt, H. W., Bureau of Chemistry, Washington, D. C. 

Davidson, J., Bureau of Chemistry, Washington, D. C. 

Davidson, R. J., Polytechnic Institute, Blacksburg, Va. 

Davis, R. O. E., Bureau of Soils, Washington, D. C. 

Dennis, S. C, Agricultural College, College Park, Md. 

Dodge, C. O., Bureau of Chemistry, Washington, D. C. 

Doolittle, R. E., Food and Drug Inspection Laboratory, U. S. Appraiser's Stores. 

NewYork, N. Y. 
Doran, James M., Bureau of Internal Revenue, Washington, D. C. 
Doyle, Aida M., Bureau of Chemistry, Washington, D. C. 
Dubois, W. L., Hershey Chocolate Co., Hershey, Pa. 
Dunbar, P. B., Bureau of Chemistry, Washington, D. C. 

EUett, W. B., Agricultural Experiment Station, Blacksburg, Va. 
Elliott, F. L., Bureau of Chemistry, Washington, D. C. 
Emery, W. O., Bureau of Chemistry, Washington, D. C. 
Emmons, Frank W., Washburn-Crosby Co., Minneapolis, Minn. 
Enslow, Linn H., State Department of Health, Baltimore, Md. 
Eo£f, John R., Bureau of Internal Revenue, Washington, D. C. 
Evenson, O. L., Bureau of Chemistry, Washington, D. C. 
Ewing, C. O., Bureau of Chemistry, Washington, D. C. 

Ferris, Leslie W., Bureau of Chemistry, Washington, D. C. 
Fischer, Louis A., Bureau of Standards, Washington, D. C. 
Fitigerald, F. F., National Canners Association, 1739 H Street, N. W., Washington, 

D.C. 
Forst, Leo B., Food and Drug Inspection Laboratory, 411 Government Building, 

Cincinnati, Ohio. 
Francis, C. E., Agricultural Experiments Station, Stillwater, Okla. 
Fraps, G. 8., College Station, Tex. 

Frear, W., Agricultural Experiment Station, State College, Pa. 
French, D. M., Alexandria Fertilizer Co., Alexandria, Va. 
Frey, R. W., Bureau of Chemistry, Washington, D. C. 
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Fuller, H. C, Institute of Industrial Research, Washington, D. C. 
Furber, F. B., Bureau of Chemistry, Washington, D. C. 

Gascoyne, W. J., Gascojoie & Co., Inc., Baltimore, Md. 
Gibbs, H. D., Bureau of Chemistry, Washington, D. C. 
Gillespie, L. J., Bureau of Animal Industry, Washington, D. C. 
Given, G. C, Agricultural Experiment Station, State College, Pa. 
Glover, M. W., Bureau of Chemistry, Washington, D. C. 
Goodrich, C. E., Bureau of Chemistry, Washington, D. C. 
Gordon, W. O., Bureau of Chemistry, Washington, D. C. 
Gore, H. C, Bureau of Chemistry, Washington, D. C. 
Gowen, P. L., Bureau of Chemistry, Washington, D. C. 
Grab, Eugene G., Bureau of Chemistry, Washington, D. C. 
Graham, J. J. T., Bureau of Chemistry, Washington, D. C. 
Griffin, Edw. L., Bureau of Chemistry, Washington, D. C. 
Grotlisch, V. E., Bureau of Chemistry, Washington, D. C. 

Hadley, Harry F., Food and Drug Department, Vermilion, S. Dak. 

Hand, W. F., Agricultural College, Miss. 

Harcourt, R., Agricultural College, Guelph, Canada. 

Harris, H. L., Pacific Coast Borax Co., 100 William Street, New York, N. Y. 

Harrison, Arthur P., 1016 22nd Street, N. W., Washington, D. C. 

Haskins, H. D., Agricultural Experiment Station, Amherst, Mass. 

Haywood, W. G., Department of Agriculture, Raleigh, N. C. 

Haywood, J. E., Bureau of Chemistry, Washington, D. C. 

Hazen, William, Bureau of Soils, Washington, D. C. 

Heindl, Raymond A., 1016 22nd Street, N. W., Washington, D. C. 

Henley, Robt. R., 1327 Kenyon Street, Washington, D. C. 

Herff, B. von, 1901 McCormick Building, Chicago, 111. 

Hires, Charles E., 24th and Walnut Streets, Philadelphia, Pa. 

Hite, B. H., Agricultural Experiment Station, Morgantown, W. Va. 

Holland, Edw. B., Agricultural Experiment Station, Amherst, Mass. 

Holman, H. P., Bureau of Chemistry, Washington, D. C. 

Hoover, Geo. W., Food and Drug Inspection Laboratory, 1626 Transportation 

Building, Chicago, 111. 
Hopkins, Marion B., City Chemist, Baltimore, Md. 
Hortvet, Julius, Old Capitol Building, St. Paul, Minn. 
Hoyt, Lester F., Larkin Company, Buffalo, N. Y. 
Hubbard, W. S., Bureau of Chemistry, Washington, D. C. 
Huston, H. A., German Kali Works, 42 Broadway, New York, N. Y. 

IngersoU, E. H., Bureau of Animal Industry, Washington, D. C. 
Ingle, Mark J., Bureau of Chemistry, Washington, D. C. 
Irwin, W. H., Swift & Co., Chicago, 111. 

Jackson, R. F., Bureau of Standards, Washington, D. C. 

Jacobs, Benj. R., Food and Drug Inspection Laboratory, U. S. Appraiser's Stores, 

New York, N. Y. 
Jarrell, T. D., Agricultural College, College Park, Md. 
Johns, C. O., Bureau of Chemistry, Washington, D. C. 
Johnson, J. M., Bureau of Chemistry, Washington, D. C. 
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Jonefl, C. H., Agricultural Experiment Station, Burlington, Vt. 
Jones, D. Breese, Bureau of Chemistry, Washington, D. C. 
Jones, W. J., Jr., Agricultural Experiment Station, La Fayette, Ind. 
Jones, W. P., Bureau of Chemistry, Washington, D. C. 
Jongeward, M., Bureau of Chemistry, Washington, D. C. 
Joyce, J. C, Feed Inspector, Nashville, Tenn. 

Kebler, L. F., Bureau of Chemistry, Washington, D. C. 
Keister, John T., Bureau of Chemistry, Washington, D. C. 
Kellogg, James W., Department of Agriculture, Harrisburg, Pa. 
Kerr, Robt. H., Bureau of Animal Industry, Washington, D. C. 
Klein, David, 1627 Manhattan Building, Chicago, 111. 
Klueter, Harry, Dairy and Food Department, Madison, Wis. 
Knight, H. L., States Relations Service, Washington, D. C. 
Knight, Oliver D., Bureau of Chemistry, Washington, D. C. 

Ladd, E. F., Agricultural College, N. Dak. 

Lang, H. L., States Relations Service, Washington, D. C. 

Langenbeck, Karl, 503 Riggs Building, Washington, D. C. 

Lathrop, E. C, Bureau of Plant Industry, Washington, D. C. 

Law, Thos. C, Picard Law Co., Atlanta, Ga. 

Lawrence, A. J., Chemist, Baltimore, Md. 

LeClerc, J. A., Bureau of Chemistry, Washington, D. C. 

LeCompte, Thomas R., Bureau of Animal Industry, Washington, D. C. 

LeFevre, Edwin, Bureau of Chemistry, Washington, D. C. 

Lepper, Henry A., Bureau of Chemistry, Washington, D. C. 

Levy, Harry, Bureau of Standards, Washington, D. C. 

Linder, William V., Bureau of Internal Revenue, Washington, D. C. 

Lodge, F. S., Armour Fertiliser Works, Chicago, 111. 

Loomis, H. M., Bureau of Chemistry, Washington, D. C. 

Lythgoe, Hennann C, Department of Health, 501 State House, Boston, Mass. 

McDonnell, C. C, Bureau of Chemistry, Washington, D. C. 

McDonnell, H. B., Agricultural College, College Pa,rk, Md. 

Mclntire, W. H., Agricultural Experiment Station, Knoxville, Tenn. 

McMillin, H. R., Bureau of Animal Industry, Washington^ D. C. 

Magruder, E. W., F. S. Royster Guano Co., Norfolk, Va. 

Mains, Gerald H., Bureau of Chemistry, Washington, D. C. 

Mason, G. F., H. J. Heins Company, Pittsburgh, Pa. 

Mehurin, R. M., 2031 F Street, N. W., Washington, D. C. 

Merrill, Edw. C, Bureau of Chemistry, Washington, D. C. 

Middleton, Ellis S., National Canners Association, 1730 H Street, N. W., Washington, 

D.C. 
Miller, C. F., Bureau of Soils, Washington, D. C. 
Miller, H. M., National Canners Association, 1739 H Street, N. W., Washing^n, 

D.C. 
Miller, R. N., Bureau of Chemistry, Washington, D. C. 
Mitchell, A. S., Bureau of Chemistry, Washington, D. C. 
Morgan, H. J., Bureau of Chemistry, Washington, D. C. 
Morgan, W. J., Bureau of Chemistry, Washington, D. C. 
Mory, A. V. H., Sears, Roebuck & Co., Chicago, 111. 



Digitized by 



Google 



100 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. II, No. B 

Mudge, Courtland S., National Cannera ABSOciation 1739 H Street, N. W., Waah- 

ington, D. C. 
Murray, A. G., Bureau of ChemiBtry, Washington, D. C. 
Murray, B. L., Merck k Co., 45 Park Street, New York, N. Y. 

Nealon, E. J., Bureau of Chemistry, Washington, D. C. 

Nealy, Walter A., Jos. Middleby, Jr., Inc., 347 Summer Street, Boston, Mass. 

Nelson, E. E., Bureau of Chemistry, Washington, D. C. 

Norton, R. P., Chapin k Sacks Mfg. Co., Washington, D. C. 

Noyes, H. A., Purdue University, La Fayette, Ind. 

Nutt, Geo. S., Bureau of Internal Revenue, Washington, D. C. 

Obst, Maud Mason, Bureau of Chemistry, Washington, D. C. 

Palkin, S., Bureau of Chemistry, Washington, D. C. 

Palmer, H. E., Bureau of Chemistry, Washington, D. C. 

Parkinson, Nellie A., Bureau of Chemistry, Washington, D. C. 

Parsons, Charles L., Bureau of Mines, Washington, D. C. 

Patrick, G. E., Bureau of Chemistry, Washington, D. C. 

Patten, Andrew J., Agricultural Experiment Station, East Lansing, Mich. 

Patten, H. E., Bureau of Chemistry, Washington, D. C. 

Patterson, H. J., Agricultural Experiment Station, College Park, Md. 

Penniman, W. B. D., State Board of Health, Baltimore, Md. 

Phelps, Isaac King, Bureau of Chemistry, Washington, D. C. 

Pickel, J. M., Department of Agriculture, Raleigh, N. C. 

Pingree, M. H., American Agricultural Chemical Co., Baltimore, Md. 

Piper, H. A., Bureau of Chemistry, Washington, D. C. 

Plummer, J. K., Agricultural Experiment Station, Raleigh, N. C. 

Porch, M. B., H. J. Heins Company, Pittsburgh, Pa. 

Poien, M. A., Health Department, Washington, D. C. 

Price, T. M., Bureau of Animal Industry, Washington, D. C. 

Quinn, R. J., Morris k Co., Chicago, 111. 

Rabak, Frank, Bureau of Plant Industry, Washington, D. C. 

Ramsdell, P. C, 1945 Calvert Street, Washington, D. C. 

Randall, Wyatt M., State Department of Health, Baltimore, Md. 

Rector, Frank L., 36 4l8t Street, Brooklyn, N. Y. 

Rector, Theo. M., Institute of Industrial Research, Washington, D. C. 

Reed, J. B., Bureau of Chemistry, Washington, D. C. 

Reid, F. R., Department of Agriculture, Washington, D. C. 

Reinking, Anita £., Bureau of Chemistry, Washington, D. C. 

Remsburg, C. G., College Park, Md. 

Reynolds, W. A., Southern Cotton Oil Co., Charlotte, N. C. 

Roark, R. C, Bureau of Chemistry, Washington, D. C. 

Robb, J. Bernard, Department of Agriculture, Richmond, Va. 

Robinson, W. O., Bureau of Soils, Washington, D. C. 

Rodes, Wm., Agricultural Experiment Station, Lexington, Ey. 

Rogers, J. S., Bureau of Chemistry, Washington, D. C. 

Rose, R. E., Department of Agriculture, Tallahassee, Fla. 

Ross, B. B., Polvtechnic Institute, Auburn, Ala. 



Digitized by 



Google 



1916] MEMBEBS AND VISITOBS 101 

Roth, Geo. B., Hygienic Laboratory, Washington, D. C. 
Rudnick, Paul, Armour & Company, Chicago, 111. 
Runkel, H., Bureau of Chemistry, Washington, D. C. 
Runyan, E. G., Hutchins Building, Washington, D. C. 
Russell, G. A., Bureau of Plant Industry, Washington, D. C. 

Sale, J. Walter, Bureau of Chemistry, Washington, D. C. 

Sample, J. W., Department of Agriculture, Nashville, Tenn. 

Samuels, J. A., Bureau of Chemistry, Washington D. C. 

Scales, F. M., Bureau of Plant Industry, Washington, D. C. 

Schreiner, Oswald, Bureau of Soils, Washington, D. C. 

Schroeder, J. P., Bureau of Soils, Washington, D. C. 

Seeker, A. F., Food and Drug Inspection Laboratory, U. S. Appraiser's Stores, 

New York, N. Y. 
Seidell, Atherton, Hygienic Laboratory, Washington, D. C. 
Sellars, Wm. S., American Can Co., 447 W. 14th Street, New York, N. Y. 
Shannon, F. L., Dairy and Food Department, Lansing, Mich. 
Shaw, R. H., Bureau of Animal Industry, Washington, D. C. 
Sherwood, Sidney F., Bureau of Chemistry, Washington, D. C. 
Shorey, E. C, Bureau of Soils, Washington, D. C. 
Shrader, J. H., Gibbs Preserving Co., Baltimore, Md. 
Sievers, A. F., Department of Agriculture, Washington, D. C. 
Silberberg, B. H., Bureau of Chemistry, Washington, D. C. 
Sindall, Harry E., Weikel & Smith Spice Co., Philadelphia, Pa. 
Skinner, J. J., Bureau of Plant Industry, Washington, D. C. 
Skinner, W. W., Bureau of Chemistry, Washington, D. C. 
Smalley, Frank N., Southern Cotton Oil Co., Savannah, Ga. 
Smith, Charles M., Bureau of Chemistry, Washington, D. C. 
Smith, Edw. E., Bureau of Chemistry, Washington, D. C. 
Smith, H. R., Bureau of Chemistry, Washington, D. C. 
Smith, Joseph G., Bureau of Soils, Washington, D. C. 
Smither, F. W., Bureau of Standards, Washington, D. C. 
Snyder, Carl F., Bureau of Standards, Washington, D. C. 
Spears, Howell D., Agricultural Experiment Station, Lexington, Ky. 
Speh, Carl F., Bureau of Chemistry, Washington, D. C. 
Spencer, G. C, Bureau of Chemistry, Washington, D. C. 
Stallings, R. E., 130 State Capitol, Atlanta, Ga. 
Stephenson, C. H., Bureau of Chemistry, Washington, D. C. 
Stockberger, W. W., Bureau of Plant Industry, Washington, D. C. 
Stoddart, Chas. W., State College, Pa. 
Strack, W. D., Borden's Condensed Milk Co., 108 Hudson Street, New York, 

N. Y. 
Straughn, M. N., Bureau of Chemistry, Washington, D. C. 
Street, John P., Agricultural Experiment Station, New Haven, Conn. 
Strowd, W. H., Agricultural Experiment Station, Madison, Wis. 
Sullivan, A. L., Bureau of Chemistry, Washington, D. C. 

Taylor, Geo. B., Bureau of Animal Industry, Washington, D. C. 
Taylor, J. N., Bureau of Animal Industry, Washington, D. C. 
Thatcher, Arthur S., Bureau of Animal Industry, Washington, D. C. 
Thom, Charles, Bureau of Chemistry, Washington, D. C. 



Digitized by 



Google 



102 ASSOCIATION OP OFFICIAL AGRICULTURAL CHEMISTS [VoL II, No. 2 

Tolman, L. M., Food and Drug Inspection Laboratory, 1626 Transportation Build- 
ing, Chicago, 111. 
Treecot, T. C, Bureau of Chemistry, Washington, D. C. 
Treuthardt, E. L. P., Bureau of Chemistry, Washington, D. C. 
Trowbridge, P. F., Agricultural Experiment Station, Columbia, Mo. 
Trullinger, R. W., States Relations Service, Washington, D. C. 
Turrentine, J. W., Bureau of Soils, Washington, D. C. 

Valaer, Peter J., Jr., Internal Revenue Bureau, Washington, D. C. 
Van Alstine, E., Agricultural Experiment Station, Urbana, 111. 
Van Slyke, L. L., Agricultural Experiment Station, Geneva, N. Y. 
Veitch, F. P., Bureau of Chemistry, Washington, D. C. 
Viehoever, Amo, Bureau of Chemistry, Washington, D. C. 
Voorhees, S. S., Bureau of Standards, Washington, D. C. 

Waldraff, P. H., Bureau of Chemistry, Washington, D. C. 

Walker, Percy H., Bureau of Standards, Washington, D. C. 

Walters, E. H., Bureau of Plant Industry, Washington, D. C. 

Walton, C. F., Jr., 24 Nevens Street, Portland, Me. 

Walton, Geo. P., Bureau of Chemistry, Washington, D. C. 

Weatherhead, D. L., Food and Drug Department, Capitol Annex, Nashville, Tenn. 

Weber, F. C, Bureau of Chemistry, Washington, D. C. 

Weems, J. B., Department of Agriculture and Inmiigration, Richmond, Va. 

Wessels, P. H., Agricultural Experiment Station, Kingston, R. I. 

Wessling, Hannah L., Bureau of Chemistry, Washington, D. C. 

West, R. M., Agricultural Experiment Station, St. Paul, Minn. 

Wheeler, W. C, Geological Survey, Washington, D. C. 

White, Herbert J., Agricultural College, College Park, Md. 

Wilbert, M. I., Hygienic Laboratory, Washington, D. C. 

Wilcox, Edward L., Bureau of Chemistry, Washington, D. C. 

Wiley, Harvey W., Woodward Building, Washington, D. C. 

Wiley, Samuel W., Wiley & Company Inc., 15 South Gay Street, Baltimore, Md. 

Williams, C. B., Department of Agriculture, West Raleigh, N. C. 

Williams, R. C, Agricultural College, College Park, Md. 

Williams, R. R., Bureau of Chemistry, Washington, D. C. 

Wilson, John B., Bureau of Chemistry, Washington, D. C. 

Wilson, S. H., Department of Agriculture, Atlanta, Ga. 

Withers, W. A., College of Agriculture and Mechanic Arts, Raleigh, N. C. 

Woodward, H. E., Bureau of Chemistry, Washington, D. C. 

Wright, C. D., Bureau of Chemistry, Washington, D. C. 



Digitized by 



Google 



1916] JONES : presidbnt'b address 103 

PRESIDENT'S ADDRESS.^ 

THE STORAGE OF SUGAR IN THE MAPLE TREE. 

By C. H. Jones (Agricultural Experiment Station, 
Burlington, Vt.), President. 

Maple sugar is obtained mainly from the species of maple known to 
botanists as Acer aaccharum. Census returns indicate a total yearly- 
production in the United States of the equivalent of some 45,000,000 
pounds. The more northern sections contribute most largely to the 
supply. The yield is subject to extreme variations, being dependent on 
certain daily weather conditions during a few weeks in early spring. 
Although insignificant in amount when compared with the world's pro- 
duction of cane afnd beet sugars, yet as a table luxury maple products 
have long held an ho^iored place among our food products. 

ECONOMIC INVESTIGATIONS, 

Economic investigations connected with the production of maple 
sugar and sirup have occupied the attention of many students of the 
subject and their observations have been recorded in various publications 
of a scientific and popular nature. They inglude data on the history of 
the maple industry, composition and flow of maple sap, the action of 
micro-organisms on sap and their efifect on the finished product, together 
with a vast amount of strictly chemical data directed toward a proper 
standardization of the marketable product and the detection of adultera- 
tion therein. 

Chemically speaking, the sugar from the maple has been shown to 
be identical in composition with the ordinary granulated sugar secured 
from the cane and beet. The importance it holds as a delicacy is due 
to a characteristic and pleasing flavor associated with it which, however, 
is destroyed if the usual methods of sugar refining are applied to the 
crude product. 

The nature of the considerations about to be presented is funda- 
mental rather than economic; fundamental in that they deal with the 
tree itself and seek to indicate the various changes taking place within 
the trunk at different seasons of the year and their visible manifestations 
as indicated by pressure and sap flow. Before proceeding further a brief 
description of maple wood will be given. No attempt is made to describe 
the several structures in detail but attention is directed to such tissues 
as seem most directly concerned with our general subject. 

^ Presented Tuesday, November 16, as special order of business for 11.30 o'clock. 
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GENERAL STRUCTURE. 

In general structure, the maple trunk or stem {xyUm) may be divided 
into a brown heart wood {duramen) and a white sap wood {alburnum). 
The sap wood contains the living cells and is the main conducting medium 
for water and food. The heart wood is relatively lifeless and functions 
largely as a mechanical support for the crown and as a reservoir in which 
to store water during the winter months. 

The stem is composed of three kinds of cells, viz., wood fibers, wood 
parenchyma and vessels, without intercellular spaces. At right angles 
to these cells, extending from the circumference toward the heart, are 
the medullary rays. These are living celle. They vary greatly in width 
and length and serve as the main centers for the storage of starch. Meas- 
urements of the medullary rays in the maple have shown that they oc- 
cupy about 18% by volume of the outer or recently formed sap wood. 

The starch grains found in the maple are angular, not uniform in shape, 
and vary in size from 1.4-5.7 microns in diameter. The characteristic 
blue color is obtained by treatment with iodin solution. Starch is stored 
not only in the medullary rays but also in the wood (parenchyma) which 
in some cases forms pockets, visible to the naked eye. These as a rule 
extend at right angles to and border on the medullary ra3n9. Starch may 
also be found in the rows of cells (from three to many) formed in the 
summer wood of the past few years. 

Between the medullary rays are longitudinal cells often of great length 
containing water and food ready for transference throughout the tree. 
They are known as tradieae. Associated with these are similar but 
shorter cells known as trachetda. Both tracheae and tracheids are dead 
cells. They comprise about 7% by volume of the sap wood. 

CHEMICAL PHASES OF SUGAR STORAGE. 

A consideration of the more strictly chemical phases of sugar storage 
in the maple will indicate conditions existing within the tree during the 
year. The specimens used in determining this matter were second growth 
maples, quite uniform as to size, age and leaf area, which grew near each 
other, under similar general conditions of soil formation and exposure. 
Differences due to these causes were thus minimized and as samples 
were taken monthly for 29 months a period is represented including 3 
successive sugar seasons, 2 full periods of growth and 3 periods of rest. 
To further confirm these observations precautions were taken during 
the second 12 months to secure 2 trees on the dates which the first year's 
work indicated to be what may be termed critical points in the yearly 
cycle. 

The several trees were felled, measured and immediately brought to 
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the laboratory where suitable sections representing the base (outer and 
inner wood) and the top wood were reduced to sawdust by means of a 
circular saw. The samples thus prepared were subjected to chemical 
analysis directed primarily to ascertain the content of moisture, sugar, 
and starch, which are assumed to be the so-called readily available stored 
foods. The last transformation of the sugar molecule used for plant 
food purposes is outside a strictly chemical province, being rather a prob- 
lem for the plant ph3rsiologist. 

While variations in the results obtained for corresponding months in 
different years were noted, and individual differences were occasioned 
by samples and natural fluctuations in soil moisture, sunlight and tem- 
perature conditions, yet the same general trend of all results was plainly 
manifested during successive seasons. 

Instead of burdening you with a mass of data representing monthly 
conditions for 29 months the results have been summarized in a brief 
table where the months of the year are divided into 4 groups, each group 
representing a distinct epoch in the life functions of the tree. 

The first division includes the months of December, January and Febru- 
ary, the winter months, during which interval the tree is generally con- 
sidered dormant as regards development. The second division com- 
prises the months of March and April. The sap flow occurs during this 

Table 1. 
Percentage of available carbohydrate food in maple wood. 



DBTBBIIIHAnOM 


DIOnfBBB, 

JANUABTAMD 

FBBBUABT 


MABCBAlfD 
AFBIL 


MAT.nJHB, 

JULY AMD 

AUGUST 


BBPTBIfBBB, 

OCrOBBBAMD 

MOTBMBBB 


Water 


35.01 
0.94 
1.40 
0.78 


32.86 
0.80 
0.53 
0.96 


30.30 
0.86 
0.13 
1.01 


29.80 


Sucrose 


0.72 


Reducing susars 


0.41 


Stareh 


1.43 






Innsb Base Wood: 
Water 


30.28 
0.49 
0.65 
0.43 


29.64 
0.52 
0.33 
0.49 


26.87 
0.18 
0.09 
0.62 


29.05 


Sucrose 


0.41 


Reducing sugars 


0.26 


Starch 


0.51 






Top Wood (outer and inner): 
Water 


33.85 
1.12 
1.79 
1.09 


31.36 
1.04 
0.67 
1.33 


32.46 
0.41 
0.23 
1.23 


32.14 


Sucrose 


0.83 


Reducing sugars 


0.59 


Starch 


1.63 






Roots: 
Water 


33.07 
1.52 
1.00 
3.92 


35.46 
0.93 
0.79 
2.25 


31.00 
0.66 
0.42 
3.41 


30.23 


Sucrose 


1.41 


Reducinir suirars 


0.32 


Starch 


5.76 
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period which, in northern latitudes, is designated the sugar season. The 
tree is preparing for its yearly work of growth and reproduction. The 
third period. May, June, July and August, represents the time of bud and 
leaf development, the formation of the annual ring and the storage of 
reserve food. The fourth division, September, October and November, 
is a period of gradual preparation for the cold of winter. Early in this 
period, as the leaves fall, reserve foods are deposited largely in the form 
of starch which later may be changed in part to sugar. 

BUCBOSB IN TBACHBAB AND TBACHBID8. 

When fresh maple wood is taken from a tree, for example during March 
or April, suitably pulverized, and treated with water, the resulting solu- 
tion is found to contain both reducing sugars and sucrose. Maple sap 
as it flows from the tree has been shown repeatedly to be practically free 
from reducing sugars, but to contain sucrose. This would indicate that 
there is a separation of the two sugar solutions in the tree. 

By taking a suitable section of maple wood and subjecting it to a water 
pressure of about 30 pounds, it was found that only sucrose was removed, 
no reducing sugars being washed out. The amount of sucrose thus ob- 
tained depended to some extent on the quantity of water forced through 
the stem. Three trials on different samples using 1250, 900 and 2500 
cc. of water removed 28, 51 and 67% respectively of the total sucrose pres- 
ent. It would seem, therefore, that sucrose must be stored chiefly in 
the tracheae, the long longitudinal tubes, to which mention has been 
made, while the reducing sugars must be contained in the cell sap of the 
living cells. 

CONSIDERATION OF RESULTS. 

From a study of Table 1 it is clear that marked variations exist in the 
water, sugar and starch content of wood in different parts of the maple 
tree at similar periods and also that the composition is not constant dur- 
ing the year. Further, that the top wood is suppUed more abundantly 
with sugars and starch than either the outer or inner base wood. 

Considering the results obtained in the periods indicated, it is noted 
that the amount of water present is greatest in the outer, inner and top 
wood sections during the cold winter months, December to February. 
Similarly, the sugars are also higher. The starch, on the other hand, 
is less at this time than at other intervals during the year. The percent- 
age of water is lowest in the inner wood but if account is taken of the 
total bulk of wood represented a large excess of water would be foimd 
in the inner, over that contained in the outer, base tissues. 

The March-April period shows a slight reduction in the water content 
of the several sections. The sugar percentages continue to decrease as 
warmer weather approaches, while the starch content increases. 



Digitized by 



Google 



1916] JONES : PBESroBNT's ADDRESS 107 

The third period, representing the season of growth, indicates that the 
amount of water in the tree is at its minimum, large amounts having 
been given off by transpiration. The percentage amount of sugars 
present is small but it remains quite uniform during the growing season. 
The starch content is practically unchanged in the outer and top wood, 
while the inner tissues show an increase. The small amount of sugars 
present during this period of active photosynthesis is explained first, 
by the fact that these constituents have been drawn on to feed the de- 
veloping buds and leaves and, secondly, by the fact that the elaborated 
food is used immediately in the development of the annual ring. 

The last period, September to November, finds the water content of 
the outer and top wood remaining constant while a decided gain in mois- 
ture is observed in the inner section. The sugars show an increase of 
some 130% over amounts present during the growing season. In like 
manner the starch percentages have become augmented in the outer 
and top sections. 

The roots exhibit the highest water content in March and April, the 
highest sugar content from December to February and the lowest be- 
tween May and August. The starch content of the roots greatly ex- 
ceeds that found in the trunk wood regardless of season. It is most 
abulidant during the autunm months, September to November, when 
an average percentage of 5.76 was obtained. This gradually decreases 
during the cold winter months and is lowest during the period just pre- 
ceding the renewal of spring activities when but 2.25% was indicated. 

RELATION OF SUCROSB TO BBDUaNG SUGARS. 

There is a condition shown by the results in Table 1 to which special 
attention should be directed and that is the relation between the per- 
centages of sucrose and reducing sugars and the relation of both to the 
starch content. Reducing sugars are greater in amount than is sucrose 
during only one period of the year, December to January. Sucrose pre- 
dominates throughout the remaining months. The change in relativity 
b^ins just previous to the sugar season, March and April. Coincident 
with the decrease in reducing sugars an increase in starch percentage is 
observed. The roots throughout the year show a predominance of su- 
crose over reducing sugars, particularly in the autunm months of Septem- 
ber, October and November. Mention already has been made of the 
large starch content. 

DENSITY OP SAP SOLUTIONS. 

Investigators are most familiar with the composition of maple sap, se- 
cured during March and April by the ordinary tapping process, from 
that part of the tree designated in Table 1 as outer base wood. It is 
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commonly known that maple sap is essentially a dilute solution of su- 
crose containing small amounts of mineral matter and that its sugar con- 
tent varies from 1-7% with an average of approximately 3%. Refer- 
ence to Table 1 shows that but 0.80% of sucrose was present in the bas- 
wood. This amount, however, must have been held in solution by the 
water in the tree trunk, as were the reducing sugars, and a simple calcue 
lation will show the sucrose content of the sap to have been 2.34%. Thid 
represents an average for several young trees during 3 successive sugar 
seasons. 

The grouping of averages by periods in Table 1 does not emphasize 
the high concentrations obtained on certain dates. Thus, when the in- 
dividual tree data are consulted, instances are not lacking which show 
that this concentration during the sugar season ran as high as 5% of su- 
crose and that even a total sugar concentration of 12% occurred during 
extremely cold weather. 

In order that the density of the sugar solutions found in the tree may 
be readily compared the results ah-eady tabulated have been calculated 
to a concentration or density basis. 

Table 2. 
Percentage density of sugar solutions in maple wood. 



DwrmwaoKAmoH 


DBCBMBBB, 

JAH UABT AMD 

rSBBUABT 


MABCHAND 
APBZL 


MAT, JUICB, 

JULT AND 

AUGUST 


■BPTBMBBB, 

OCrOBBBAXD 

NOVBMBBB 


OuTBB Base Wood: 

Sucrose 


2.52 

3.76 


2.34 
1.55 


1.17 
0.42 


2.33 


Reducins suirars 


1.33 






Inner Base Wood: . 
Sucrose 


1.56 
2.07 


1.71 
1.08 


0.66 
0.33 


1.38 


Reducine susara 


0.87 






Top Wood (outer and inner) : 
Sucrose 


3.05 
4.87 


3.14 
2.03 


1.24 
0.69 


2.47 


Reducinir suirars 


1.76 






Roots: 
Sucrose 


4.27 
2.81 


2.50 
2.12 


2.06 
1.31 


4.41 


Reducinir susrars 


1.00 







The same general variations already discussed are again in evidence 
but these figures more nearly represent the density of the sucrose and re- 
ducing sugar solutions found in the cells and tissues composing the tree 
structure. Starch, being insoluble in water, is not included in this cal- 
culation although one would be justified in so including it for it is well 
known that starch is one of the reserve foods stored by the maple and 
that it must be transformed into soluble sugars before it can be 
transported. 
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DENSITY OF SAP INCBBASBS FROM BASE TO TOP OF TREE. 

The ascent of water and food to the tops of tall trees has long occupied 
the attention of scientists. No explanation, entirely satisfactory, thus 
far has been presented although many theories have been advanced. Data 
as to the amounts of soluble sugars and water in different parts of the 
tree undoubtedly have a bearing on this question. The increased car- 
bohydrate concentration in the top wood of the maple over that in the 
base section has been noted. For several reasons, particularly when the 
structure of the wood and region of consumption of food are considered, 
it seems logical to assmne that this increase in concentration of the sugars, 
together with the higher starch content, should be a gradual one, as we 
ascend the tree. 

A small maple tree cut early in May was examined in sections of 4 feet 
each, from the base to the top, with the following results: 

Table 3. 
Percentage denaity of sugar aoltUions. 



•aonoM 


WATBB 


RABCH 


■aOUCSNG 
BUOABS 


■rOBOSB 


TOTAL SUGABS 


lot (base) 


29.07 
33.15 
28.97 
26.85 
25.84 


0.83 

0.81 
0.92 
1.06 
1.10 


0.10 

0.21 
0.37 
0.32 
0.30 


1.82 
1.78 
2.26 
2.92 
3.10 


1.92 


2nd 


1.99 


3rd 


2.63 


4th 


3.24 


6th rtOD) 


3.40 







Table 3 would seem to indicate that the sugar concentration of both 
active cell, and tracheae, sap gradually increases from the lower portions 
of the tree trunk upward. Starch also shows a similar increase. On the 
other hand, water, in this instance, decreases in amoimt as we ascend. 

INTERPRETATION OF RESULTS. 

It is a relatively easy matter to present for consideration data secured 
by physical and chemical operations in the field and laboratory but the 
significance of such data when applied to the solution of nature's processes 
is not so readily formulated. A lengthy interpretation of the results 
bearing on the phenomena of sugar formation and sap flow will not be 
attempted but a few general deductions eniunerated. 

The work of niunerous investigators has shown clearly that sunlight, 
leaf area and soil moisture are factors influencing the abimdant storage 
of starch and sugars. A correlation table, showing relationships between 
stored carbohydrates on the one hand, and sunlight, leaf area and rainfall 
on the other, undoubtedly would give most suggestive results. It is a 
different matter to prove the relationship from a practical or economic 
standpoint as weather conditions at the time of sap flow seriously affect 
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results. In other words, one can determine with reasonable certainty 
that an abundance of carbohydrates has been stored in the tree but the 
best of prophecies fail when attempts are made to predict the amount of 
sugar likely to be secured the following spring. 

The yearly life cycle of the maple tree has for its objects nutrition 
and reproduction. Green leaves manufacture starch daily in sunlight. 
At night it is transformed to soluble carbohydrates and carried down the 
inner bark and cambium layer where it is agaia deposited in the medul- 
lary rays as starch or remains in solution in the tree tissues. The excess 
only is thus deposited, what is necessary being used for the formation 
of the annual ring. 

When the leaves fall in the autumn a protective enzyme action may 
take place in the medullary ra3rs, and sucrose is ultimately formed and 
distributed through the tracheae. The increased concentration of the 
sugar solutions in the maple trunk during the cold weather period appears 
to have for its purpose the protection of the tree tissue from freezing, so 
that an early transference of abundant water and food materials to the 
leaf-bearing sections of the tree may be established. The maple is the 
earUest of northern trees to develop its buds and leaves in spring. 

The rate of movement of sap in the tapped tree has been measured 
by injecting lithiimi chlorid and noting the time of its appearance in the 
sap from holes at known distances above and below the point of inser- 
tion. A rate of 2-6 inches per minute was observed. Since this flow 
is an artificial one, stimulated nevertheless by conditions within the 
tree, it does not follow that sap movement up and down within the un- 
tapped tree trunk, before leaf formation has started, parallels these rates. 
Doubtless the water movement is far less rapid, although there is war- 
rant for asserting that changes in sugar concentration and water content 
in different sections of the tree are taking place constantly. 

Ck>nsiderable work has abeady been done touching the matter of direc- 
tion of sap flow and pressure under the artificial conditions created by 
the ordinary tapping process. It has been shown that during pertain 
weather conditions in early spring, characterized by a sharp frost at night 
and a rise in temperature to a few degrees above the freezing point the 
following day, a state of pressure is manifested in the tree trunk and sap 
is exuded at the tap hole or point of least resistance. This pressure may 
vary from 1-25 pounds and while the flow of sap is not necessarily in 
direct proportion to the pressure, there is strong evidence nevertheless 
that some relation exists. During the greater part of the year a state of 
negative pressure or suction is exerted by the tree. 

The simple determination of the water content of maple wood at dif- 
ferent seasons of the year is not without interest. It is more than a 
coincidence and doubtless for a definite purpose that the highest water 
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content alwajrs precedes the leaf formation and transpiration period and 
that the lowest amount is present when the leaves have ceased their 
activities. 

Beginning in December, the reducing sugars exceed the sucrose content 
of maple wood until March when a decided decrease occurs in the per- 
centage of reducing sugars, A relatively high percentage of sucrose 
obtains until May. A predominance of sucrose over reducing sugars, 
though in reduced amounts, is maintained through the summer and fall, 
until, in December, the reducing sugars again take the lead. Thus a 
high sugar content is found during the coldest period, reducing sugars 
predominating over sucrose, the ratio of reducing sugars, starch and 
sucrose being 1.5 : 0.8 : 1. As warm weather approaches the total sugar 
content decreases and a most pronounced increase of sucrose over re- 
ducing sugars occurs, the above ratio becoming 0.7 : 1.2 : 1. 

Warm weather favors the deposition of starch from soluble carbohy- 
drates. Continued cold weather causes the insoluble starch to decrease 
in amount, transforming it to soluble carbohydrates, thus increasing the 
total sugar content during the winter months. 

From the chemical evidence presented it is plain that changes are tak- 
ing place within the tree throughout the year. A fall deposition of starch 
occurs. Later, as cold weather approaches, the leaf-manufactured food 
that has been deposited as starch is changed in the living protoplasmic 
cells to reducing sugars and sucrose which, held in a water solution, fill 
the vessels throughout the tree. These sugars are most abundant in 
the young living tissues of the trunk nearest the cambiimi layer. 

Reducing sugars and starch seem to be most intimately associated 
with the livii^ protoplasmic cells, while a considerable portion at least 
of the elaborated sucrose fills the dead vessels. These channels,. it is 
well established, serve as quick carriers for water and sucrose to upper and 
distant parts of the tree, and are in direct communication with the roots 
or water-gathering system. The uniformity of sap concentration during 
the four months comprising the growing season indicates that the leaf 
elaborated carbohydrates are used, either directly or indirectly, for the 
development of the annual ring. Until that duty is performed no marked 
increase in soluble carbohydrate storage is noted. 

OUR JOURNAL. 

In conclusion I desire to say a few words on the subject of our new 
Journal. The problems confronting us and the ways and means for 
dealing with them were ably considered by my predecessor in his annual 
address one year ago. As you all know this association now has a quar- 
terly publication and our deliberations, printed in a most attractive form, 



Digitized by 



Google 



112 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. II, No. 2 

will soon be placed promptly at our disposal. This publication is not a 
one man volume and every member should be allowed and encouraged 
to do his share. It is needless for me to urge the members to subscribe 
but I do want to ask particularly that the younger members not only 
subscribe but also read and study the Journal with a view toward de- 
tecting shortcomings and rectifying them in the future. 

It is too early to predict the ultimate outcome of our venture. We 
have men enough, brains enough and, I hope, a loyalty to our chosen pro- 
fession sufficient to carry on this project. 
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VI- LEATHERS.— TENTATIVE. 
VEGETABLE TANNED LEATHER. 

1 PRBPARATION OF SAMPLE. 

Grind the sample, without undue heating, and pass through a 10 mesh sieve. The 
ground sample must not contain hard lumps. Plane heavily greased leathers (con- 
taining more than 20 % fat) into very thin shavings. Spread out the prepared sample 
and allow it to return to atmospheric moisture condition; mix thoroughly, and 
place in tightly covered containers. 

2 MOISTURE. 

Place 10 grams of the sample, as prepared under 1 , in a tared, wide, shallow, weigh- 
ing bottle (or a similar dish which can be covered tightly), and dry in a water oven 
for 15 hours at QS^'-IOO'^C. Cover the weighing bottle, cool in a desi -cator containing 
sulphuric acid, and weigh. The moisture present in the leather as received may bo 
determined by cutting it quickly into small pieces and drying without grinding as 
directed above. 

3 TOTAL ASH. 

Incinerate slowly 5 grams of the sample, as prepared under 1 , at a dull red heat. 
If diflSculty is experienced in burning off the carbon, leach the residue with hot 
water, filter on an ashless filter, dry and ignite the filter and residue, add the filtrate, 
evaporate to dryness and ignite. Cool in a desiccator containing sulphuric acid and 
weigh. 

The ash may be examined for acids and bases by any suitable method. Alumin- 
ium, magnesium, sodium, bariiun, calcium and lead are the bases, and hydrochloric 
and sulphuric acids are the acids which it may be necessary to determine. 

4 INSOLUBLE ASH. 

Incinerate slowly the residue from the extraction of water-soluble material, ob- 
tained in 6 or 7, until all the carbon is burned off, cool in a desiccator containing 
sulphuric acid and weigh. 

5 FATS. 

Place, without packing, 15 grams of the leather, as prepared under 1 , in a Soxhlet 
or Johnson extractor with a layer of fat-free cotton above and below the sample. 
Extract 8-10 hours with petroleum ether distilling between 50* and 80**C. Heavily 
greased leathers (containing 16% or more fat) will require the maximum time. Re- 
move the receiving flask, evaporate the petroleum ether on the steam bath and dry 
the fat residue for 3 hours in a water oven at 98M0O**C., cool in a desiccator and 
weigh. Repeat the drying in the water oven for periods of 1-1} hours, cooling and 
weighing as before, until no further loss in weight occurs. Retain the leather 
residue from the fat extraction for the extraction of water-soluble material in 6 or 7. 

EXTRACTION OF WATER-SOLUBLE MATERIAL. 

6 Method L 

Evaporate the petroleimi ether from the fat-free leather, obtained under 5, and 
moisten thoroughly with from 100-160 cc. of water. Place a layer of cotton in the 

59 
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bottom of a Soxhlot extractor designed for making extractions at temperatures be- 
low lOO^C. 

An extractor of this kind is furnished with a water jacket surroimding that por- 
tion of the apparatus containing the sample but does not enclose the side tube wnioh 
carries the hot vapors to the condenser. 

Transfer the moistened fat-free leather to the extractor, and cover this with 
another layer of cotton to avoid siphoning oS solid particles. Maintain the tempera- 
ture of the jacket surrounding the Soxhlet at 50**C. (1) Pour 200 cc. of water (in- 
eluding that used in moistening the leather) into the Soxhlet and allow it to siphon 
into the flask below, then heat and extract for an hour. Remove the flame and trans- 
fer the extract to a liter graduated flask. Then add water and continue the ex- 
traction as directed below, removing and transferring the extract to the liter 
flask before each fresh addition of water. 

(2) Add 175 cc. of water and extract for 2 hours. 

(3) Add 175 cc. of water and extract for 3 hours. 

(4) Add 175 cc. of water and extract for 4 hours. 

(5) Add 175 cc. of water and extract for 4 hours. 

Transfer the last portion of the extract to the graduated flask. This gives 14 
hours' extraction and an extract which does not exceed 1 liter in volume. Dilute to 1 
liter at room temperature and mix thoroughly. 

7 Method II. 

(This method is the same in principle as the official method of the American Leather 

Chemists Association.^) 

Digest overnight 30 grams of the fat-free leather, obtained under 5, in approxi- 
mately 200 cc. of water. Transfer the leather and extract to a percolator. Ck>ntinue 
the extraction by percolating with water at 50^C. Oollect 2 liters of percolate, 
regulating the flow of water at such a rate that 2 liters will be collected in 3 hours. 
Dilute to volume at room temperature and mix thoroughly. 

To the extract, prepared according to 6 or 7, add a few drops of toluol to prevent 
fermentation of sugars, and reserve for the determination of glucose, total solids, 
soluble solids, and nontannins. 

GLUCOSE. 

8 PREPARATION OF SOLUTION. 

To 200 CC. of the leather extract, as prepared under 6 or 7, add 25 cc. of a saturated 
solution of normal lead acetate, mix thoroughly, and filter at once through a dry, 
plaited paper, returning the first portions of the filtrate to the filter until the fil- 
trate becomes clear. Keep the containers and the funnel covered during these opera- 
tions. Without waiting for the entire filtrate to run through add 10-12 grams 
of solid potassium oxalate, shake frequently during 15-20 minutes and filter through 
a dry, plaited paper returning the first runnings to the filter until the filtrate runs 
clear. Pipette 150 cc. of the last filtrate into a 600 cc. Erlenmeyer flask, add 5 cc. of 
concentrated hydrochloric acid and boil under a reflux condenser for 2 hours. Cool, 
neutralize with solid sodium carbonate, using a little phenolphthalein as indicator, 
transfer to a 200 cc. volumetric flask and complete to volume with water. Filter 
through a double filter, and return the first runnings until the filtrate becomes 
perfectly clear. Determine the dextrose in the filtrate immediately. 
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9 DXTBBMINATION. 

Determine dextrose in 50 cc. o f the solution, as prepared under 8, equiyalent to 
0.5 gram of leather, according to Vlll, 25 and express the result as glucose. 

10 TOTAL SOLIDS. 

Determine as directed under V, 2. 

11 SOLimLB SOLIDS. 

Determine as directed under V, 4. 

12 NONTAHIQNS. 

Determine as directed under V, 7. 

1 3 SOLimLB TAKNUr. 

The difference between the percentage of the soluble solids and the corrected 
nontannins is the percentage of tannin. 

14 RITROOBK. 

Determine as directed under I, 21 . 

1 5 HEDB SDB8TANCB. 

Multiply the percentage of nitrogen by 5.02. The result will be the percentage 
of hide substance present. 

1 6 COMBIHBD TANHnr. 

Deduct the sum of the percentages of moisture, under 2, insoluble ash, under 4, 
soluble solids, under 11, and hide substance, under 15, from 100. The result will 
be the percentage of combined tannin. 

BIBLIOGRAPHY. 
1 J. Am. Leather Chem. Assn., 1915, 10: 122. 
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Vn. raSECTICIDES AND FUNGICIDES. 
GENEItAL BftBTHOD. 

1 PREPARATION OP SAMPLE.— TBNTATIVS. 

Mix thoroughly all samples before analysis. Make water-soluble arsenic deter- 
minations on samples as received without further pulverization or drying. In 
the case of lye, sodium cyanid or potassium cyanid, weigh large quantities in weigh- 
ing bottles and analyze aliquots of the aqueous solutions. 

PARIS GRBEir. 

2 MOISTORB.— TBNTATIVB. 

Dry 2 grams at 105M10*C. for 5 hours and express the loss in weight as moisture. 

TOTAL ARSBNICt-OFflCIAL. 
(Arsenic, present as arsenate, is titrated as arsenious oxid.) 

3 RB AGENTS. 

(a) Starch indicator. — ^Mix about 0.5 gram of finely powdered potato starch with 
cold water to a thin paste; pour into about 100 cc. of boiling water. 

(b) Standard arBenious oxid solution. — Dissolve 2 grams of pure arsenious oxid 
in a beaker by boiling with about 150-200 cc. of water containing 10 eo. of concen- 
trated sulphuric acid, cool, transfer to a 500 cc. graduated flask and dilute to the 
mark. 

(C) Standard iodin solution. — Prepare an approximately N/20 solution as fol- 
lows: Mix intimately 6.35 grams of pure iodin with twice its weight of pure potas- 
sium iodid. Dissolve in a small amount of water, filter and dilute the filtrate to 

1 liter in a liter graduated flask. Standardize against (b) as follows: Pipette 60 
cc. of the arsenious oxid into an Erlenmeyer flask, dilute to about 400 cc, neutralize 
with sodium bicarbonate, add 4-5 grams in excess, and add the standard iodin solu- 
tion from a burette, shaking the flask continuously, until the yellow color disap- 
pears slowly from the solution, then add 5 cc. of the starch indicator and continue 
adding the iodin solution, drop by drop, until a permanent blue color is obtained. 
Calculate the value of the standard iodin solution in terms of arsenious oxid (AssOi) 
and arsenic oxid (AssOs). Occasionally restandardize the iodin against freshly 
prepared arsenious oxid solution. 

4 APPARATUS. 

The apparatus used is shown in Fig. 5. The distillation flask rests on a metal 
gauze which fits over a circular hole in a heavy sheet of asbestos board. The first 

2 Erlenmeyer flasks are of 500 and 1000 cc. capacity and contain about 40 and 100 
cc. of water, respectively. Both of these flasks should be placed in a pan and kept 
surrounded with cracked ice and water. The third flask, containing a small amount 
of water, is used as a trap. 
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METHODS OF ANALYSIS 



[Chap. 



D DBTEBMINATION. 

Weigh an amount of the sample equal to the arsenious oxid equivalent of 250 
cc. of the standard iodin solution, and wash into the distillation flask by means of 
100 cc. of concentrated hydrochloric acid (sp. gr. 1.19). Add 5 grams of cuprous 
chlorid (CusCls) and distil. 

When the volume in the distillation flask is reduced to about 40 oc, add 50 cc. 
of concentrated hydrochloric acid by means of the dropping funnel and continue 
the distillation until 200 cc. of the acid distillate have passed over. Then wash 
down the condenser and all the connecting tubes carefully, transfer these washings 
and the contents of the 3 Erlenmeyer flasks to a liter graduated flask and dilute 
to the mark. Mix thoroughly, pipette 400 cc. into an Erlenmeyer flask and nearly 
neutralize with a saturated solution of sodium or potassium hydroxid, using a few 
drops of phenolphthalein as an indicator, keeping the solution well cooled. 

Continue as directed under 3 (C) beginning with "neutralise with sodium bicar- 
bonate." The number of cc. of iodin used in this titration represents directly 
the total per cent of arsenic in the sample expressed as arsenious oxid (AssOt). 




FIG. 5. APPARATUS FOR DISTILLATION OF ARSENIC CHLORID. 
TOTAL ARSBNIOUS OXID. 

(The following methods determine arsenic, and antimony if present, as the -ous 
oxids, AssOt and SbiOt, respectively. Ferrous and cuprous salts vitiate the results.) 

Method I. 
C. C. Hedges Method,* Modified.^— Tentative. 

6 REAGENTS. 

The reagents and solutions used are described imder 3. 

7 DETERMINATION. 

Weigh an amount of the sample equal to the arsenious oxid equivalent of 100 cc. 
of the standard iodin solution, wash into an Erlenmeyer flask with 10-15 cc. of dilute 
hydrochloric acid (1 to 1), followed by about 100 cc. of water, and heat on the steam- 
bath to complete solution, at a temperature not exceeding 60^C. Cool, neutralise 
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with sodium bicarbonate, add 4-5 grams in excess, and then sufficient 25% ammonium 
chlorid solution to dissolve the precipitated copper. Dilute somewhat and titrate 
as directed imder 3 (C) . A correction must be applied for the amount of iodin solu- 
tion necessary to produce a blue color with starch in the presence of copper fusing 
an equivalent weight of copper sulphate) . The corrected number of cc. of the stand- 
ard iodin solution used represents directly the per cent of arsenious ozid (AsiOt) 
in the sample. 

Method II. 

8 C. M. Smith Method,* Modified,— Tentative. 

Proceed as directed in 7, using dilute sulphuric acid (1 to 4) instead of dilute 
hydrochloric. The solution in this case may be heated to boiling. 

SODIUK ACBTATB-SOLUBLB ARSBNIOUS OXID.«-TBNTATIVB. 

9 REAGENTS. 

(a) Sodium acetate soltUion. — ^Prepare a solution containing 12.5 grams of the 
orystallised salt (CHtCXX)Na3HiO) in each 25 cc. 
The other reagents are described imder 3. 

1 DBTBBMINATION . 

Place 1 gram of the sample in a 100 oc. flask and boil for 5 minutes with 25 cc. of 
the sodium acetate. Dilute to the mark, shake, and pass through a dry filter 
paper. Titrate an aliquot of this filtrate as directed under 3 (C). Calculate the 
amount of arsenious oxid (AsiOi) present and express the result as per cent of 
sodium acetate-soluble arsenious oxid. 

WATBR-SOLUBLB ARSBNIOUS OXID.— TBNTATIVB. 

11 BBAGBMTS. 

Described under 3. 

12 DETBBMINATION. 

To 1 gram of the sample in a liter Florence flask add 1 liter of recently boiled water 
which has been cooled to exactly 32^0. Stopper the flask and place in a water 
bath kept at 32*C. by means of a thermostat. Digest for 24 hours, shaking hourly 
for 8 hours during this period. Filter through a dry filter and titrate 250 cc. of the 
filtrate as directed under 3 (C) . Correct for the amount of the standard iodin neces- 
sary to produce the same color, using the same reagents and volume. Calculate 
the amount of arsenious oxid (AssOt) present and express the result as per cent of 
water-soluble arsenious oxid. 

TOTAL COPPER OXID. 

13 Electrolytic Method.— Official. 

Treat 2 grams of the sample in a beaker with 100 cc. of water and about 2 grams 
of sodium hydroxid and boil thoroughly until all the copper is precipitated as cu- 
prous oxid. Filter, wash well with hot water, dissolve the precipitate in hot dilute 
nitric acid, cool, transfer to a 250 cc. graduated flask and dilute to the mark. (1) 
Use 50-100 cc. of this solution for the electrolytic determination of copper as directed 
under Vni, 33 and calculate to per cent cupric oxid; or, (2) Electrolyze the aliquot in 
a weighed 150 cc. platinum dish, using a rotating spiral anode and a current of about 



Digitized by 



Google 



66 METHODS OP ANALYSIS [Chap. 

3 amperes. After all the copper is deposited (requiring about 30 minutes), wash 
the deposit with water by siphoning, then rinse with alcohol, dry for a few min- 
utes in an oven, weigh and calculate to per cent cupric oxid. 

14 Thiosulphate Method,^— Official. 

Determine copper in another aliquot of the nitric acid solution of copper oxid, 
under 13, by titrating with N/20 thiosulphate solution, as directed under VIII, 29, 
and calculate to per cent cupric oxid. 

LONDON PURPLB. 

15 MOIST17RB.-TBIfTATIVB. 
Determined as directed under 2. 

TOTAL ARSBNIOUS OXID.«-OFnCIAL. 

16 REAGENTS. 

Described under 3. 

1 7 DETERMINATION. 

Dissolve 2 grams of the sample in a mixture of about 80 cc. of water and 20 cc. 
of concentrated hydrochloric acid at a temperature of 60"-70**C.; filter and wash 
until the combined filtrate and washings measure 250 cc. Treat 100 cc. of this solu- 
tion with sodiimi bicarbonate in excess, transfer to a 500 cc. volumetric flask and 
make up to the mark, adding a few drops of ether to destroy the bubbles. Mix 
thoroughly and pass through a dry filter. Titrate 250 cc. of the filtrate as directed 
under 3 (C) and calculate the per cent of arsenious oxid. 

TOTAL ARSENIC OXID.'-OPFICIAL. 

18 REAGENTS. 

The reagents and solutions used are described under 3. 

19 DETERMINATION. 

Boil, on a hot plate or over a low flame, 2 grams of the sample with 5 cc. of con- 
centrated nitric acid and 20 cc. of concentrated sulphuric acid in a Kjeldahl diges- 
tion flask or a covered casserole. After 10-15 minutes add fuming nitric acid or 
powdered sodium nitrate, in small quantities at a time, until all organic matter 
is destroyed and the solution is practically colorless. Cool, add about 50 cc. of 
water (to decompose any nitro-eulphuric acid formed) and heat again until all 
nitric acid fumes are expelled. Cool, transfer to a 250 cc. volumetric flask, make 
up to the mark with water, mix thoroughly, and filter through a dry filter. 

Transfer 50 cc. of this filtrate to a 400 cc. Erienmeyer flask, dilute with water 
to 100 cc, add 1 gram of potassium iodid,^ heat to boiling and evaporate to about 
40 cc. (not less). Cool, dilute to 150-200 cc, and remove the excess of iodin with 
N/20 sodium thiosulphate. In case the solution is slightly colored from organic 
matter or from any cause other than free iodin, add the thiosulphate until it is nearly 
colorless, then a few drops of the starch indicator, and continue adding the thio- 
sulphate slowly until the blue color just disappears. Continue at once as directed 
under 3 iC) beginning with "neutralize with sodium bicarbonate." Subtract from 
this reading the number of cc. of the standard iodin solution corresponding to the 
arsenious oxid obtained in 1 7. Calculate the per cent of arsenic oxid in the sample. 
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20 WATBR-SOLUBLS ARSBmOUS OZID.— TBNTATIVB. 

Proceed as directed under 12, slightly acidifying the aliquot employed with 
hydrochloric acid before adding the excess of sodium bicarbonate. 

WATBR-SOLUBLB ARSBIilC OZID.— TBNTATIVB. 

21 REAGENTS. 

The solutions and reagents used are described under 3. 

22 DETERMINATION. 

Transfer an aliquot, 250 cc, of the water extract, from 20, to a casserole, add 5 
cc. of concentrated sulphuric acid, evaporate to a small volume and heat on a hot 
plate till white fumes of sulphuric acid appear. Cover the casserole and add 1-2 
ec. of fuming nitric acid and again heat till the appearance of white fumes. Cool, 
add a little water and, in order to expel the last traces of nitric acid, once more 
evaporate till white fumes appear. Cool, dilute to about 100 cc. with water, add 
1 gram of potassium iodid^ and sufficient sulphuric acid to make the total amount 
present about 5 cc. Boil until the volume is reduced to about 40 cc. Cool, dihite 
to about 200 cc, remove the excess iodin with N/20 sodium thiosulphate and pro- 
ceed as directed under 3 (C) beginning with ''neutralize with sodium bicarbonate," 
Correct for the amount of the standard iodin solution necessary to produce the 
same color, using the same reagents and volume. Subtract from the corrected titra- 
tion reading the number of cc. of the standard iodin solution corresponding to the 
arsenious oxid, obtained in 20. Calculate the per cent of arsenic oxid present. 

LEAD ARSENATE. 

23 MOISTURB.-TBNTATIVB. 

(a) Powder. — Dry 2 grams to constant weight at 105**-110** C. and report the 
loss in weight as moisture. 

(b) Paste, — Proceed as under (a), using 50 grams. 

Grind the dry sample to a fine powder, mix well, transfer a small portion to a 
sample bottle and again dry for 1-2 hours at 105^-1 lO^C, and use this anhydrous 
material for the determination of total lead oxid and total arsenic. 

TOTAL LEAD OXID. 

24 Method I.^'-Official. 

Heat, on a hot plate, 0.6906 gram of the dry powdered sample with about 25 cc. 
of dilute nitric acid (1 to 4) in a 600 cc. beaker. If necessary, remove any insoluble 
residue by filtration. Dilute to at least 400 cc, heat nearly to boiling, add am- 
monium hydroxid to incipient precipitation, then dilute nitric acid (1 to 10) to re- 
dissolve the precipitate, adding 1-2 cc. in excess. Pipette into this solution, kept 
almost boiling, 50 cc. of a hot 10% potassium chromate solution, stirring constantly. 
Decant while hot through a weighed Gooch, previously heated at 140^-150°C., wash 
several times by decantation and then on the filter with boiling water until the 
washings are colorless. Dry the lead chromate at 140®-150^C. to constant weight. 
The weight of lead chromate multiplied by 100 gives the per cent of lead monoxid 
(PbO) in the dried sample. 

The lead chromate precipitate may contain a small amount of lead arsenate which 
causes slightly high results. This error rarely amounts to more than 0.1-0.2%. 
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Method IIJ^— Tentative. 
(Not applicable in the presence of calcium.) 

25 RBAGBNT. 

Acidified alcohol. --^ix water 100 parts; 95% alcohol 200 parts; and concentrated 
sulphuric acid 3 parts by volume. 

2ft DETBBMINATION. 

Heaty on a hot plate, 0.7360 gram of the dry powdered sample with about 25 cc. 
of dilute nitric acid (1 to 4) in a porcelain evaporating dish or casserole. Remove 
any insoluble residue by filtration. Add 3 cc. of concentrated sulphuric acid and 
evaporate on the hot plate to the appearance of white fumes. It is important that 
all nitric acid be expelled. Cool, add 50 cc. of water and about 100 cc. of 95% alco- 
hol, let stand several hours (preferably over-night) and filter through a weighed 
Gooch crucible, previously washed with water, the acidified alcohol and 95% alco- 
hol, and dried at 200^0. Wash the precipitate of lead sulphate in the crucible about 
10 times with the acidified alcohol and then with 95% aJcohol until free from sul- 
phuric acid. Dry at 200*C. to constant weight, keeping the crucible covered to pre- 
vent loss by spattering. The weight of the lead sulphate multiplied by 100 gives 
the per cent of lead monoxid (PbO) in the dried sample. 

TOTAL ARSBmC. 

27 Method I.^—Official. 

Proceed as directed under 5, using an amount of the sample equal to the arsenic 
oxid equivalent of 500 cc. of the standard iodin solution and titrating a 200ec. aliquot 
of the distillate. The number of cc. used of the standard iodin solution represents 
directly the total per cent of arsenic in the sample expressed as arsenic oxid (AsiOi ) . 

Method II}^-Official. 
(Not applicable in the presence of antimony.) 

28 RB AGENTS. 

The reagents and solutions used are described under 3. 

29 DBTEBMINATION. 

Dissolve an amount of the powdered sample equal to the arsenic oxid equivalent 
of 400 cc. of the standard iodin solution, in dilute nitric acid in a porcelain casserole 
or evaporating dish. Add 5 cc. of concentrated sulphuric acid and heat on the 
hot plate to copious evolution of white fumes. Wash into a 200 cc. graduated flask 
with water, cool, make up to the mark and filter through a dry filter. Transfer 
100 cc. of the filtrate to an Erlenmeyer flask and proceed as directed under 22, 
beginning with ''add 1 gram of potassium iodid," to "Subtract from -the corrected 
titration reading." The number of cc. of the standard iodin solution used, divided 
by 2, represents directly the per cent of total arsenic in the sample expressed as 
arsenic oxid (AsiOt). 

WATBR-SOLUBLB ARSENIC OXID.— TBNTATIVB. 

30 REAGENTS. 

The reagents and solutions used are described under 3. 
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31 DBTBBMINATION. 

Treat 2 granui of the original sample, if in the form of a powder, or 4 grams, if 
a paste, as directed imder 12 through ' 'Filter through a dry filter." 

Place 250-^00 cc. of the clear filtrate in an Erlenmeyer flask, add 3 cc. of con- 
centrated sulphuric acid and evaporate on a hot plate. When the volume is re- 
duced to about 100 cc, proceed as directed under 22 to "Subtract from the cor- 
rected titration reading." Calculate and report as per cent of water-soluble arsenic 
oxid (AsiOt). 

CALCIUM ARSENATE. 

32 TOTAL ARSBmC.u- OFFICIAL. 

Proceed as directed under 5, using an amount of the powdered sample equal 
to the arsenic oxid equivalent of 250 cc. of the standard iodin solution. 

The number of cc. of the standard iodin solution used represents directly the 
total per cent of arsenic in the sample expressed as arsenic oxid (AssOi). 

ZINC ARSENTTE. 

33 TOTAL ARSBNICt-OFflCIAL. 

Proceed as directed under 5, using an amount of the powdered sample equal to 
the arsenious oxid equivalent of 500 cc. of the standard iodin solution and titrating 
a 200 cc. aliquot of the distillate. The number of cc. of the standard iodin solution 
used represents directly the per cent of total arsenic in the sample expressed as ar- 
senious oxid (AssOt). 

34 TOTAL ARSBNIOUS OXID.-TBNTATIVB. 
Proceed as directed under 7 or 8. 

COPPER CARBONATE. 

35 COPPER OXID.-OFnCIAL. 

Dissolve a weighed quantity of the substance in dilute nitric acid and deter- 
mine copper as directed under 13 or 14. 

BORDEAUX lOXTURE. 

36 MOISTURS.-OFFICIAL. 

(a) PouHier .—-Dry 2 grams to constant weight at 105M10^C. and express the 
loss in weight as moisture. 

(b) Paste r—Re&t about 100 grams in an oven at OO-IOO'^C. imtil dry enough to 
powder readily, and note the loss in weight. Powder this partially dried sample, 
and determine the remaining moisture in 2 grams as under (a). Determine car- 
bon dioxid, as directed under 38, both in the original paste and in this partially 
dried sample. Calculate the total moisture by the following formula: 

M «= a + (100-a) (b + c) - d in which 

M » per cent total moisture in original paste; 

a « per cent loss in weight of original paste during first dr3ring; 

b » per cent loss in weight of partially dried paste during second drying; 

c « per cent carbon dioxid remaining in partially dried paste after first 

drying; 
d — per cent total carbon dioxid in original paste. 
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CARBOIf DIOXID.u~OFnCIAL. 

37 APPABATUS. 

This consists of a 200 cc. Erlenmeyer flask closed with a 2-hoIed stopper; one of 
these holes is fitted with a dropping funnel the stem of which extends almost to the 
bottom of the flask; the outlet of a condenser, which is inclined upward at an angle 
of 30* from the horizontal, passes downward through the other hole^ The upper 
end of the condenser is connected with a calcium chlorid tube which in turn is 
connected with a double U-tube filled in the middle with pumice fragments, pre- 
viously saturated with copper sulphate solution and subsequently dehydrated, 
and with calcium chlorid at either end. Then follow 2 weighed U-tubes for absorb- 
ing the carbon dioxid, the first filled with porous soda-lime, and the second, one 
third with soda-lime and two thirds with calcium chlorid, the latter reagent being 
placed at the exit end of the train. A Geissler bulb, partly filled with sulphuric 
acid, is attached to the last U-tube to show the rate of gas flow. An aspirator is 
connected with the Geissler bulb to draw air through the apparatus. An absorp- 
tion tower filled with soda-lime is connected with the mouth of the dropping funnel 
to remove carbon dioxid from the air entering the apparatus. 

38 DBTBRMINATION. 

Weigh 2 grams of the powder or 10 grams of the paste into the Erlenmeyer flask, 
add about 20 cc. of water, attach the flask to the apparatus omitting the 2 weighed 
U-tubes, and draw carbon dioxid-free air through the apparatus until the original 
air is displaced. Then attach the weighed U-tubes in the position as described in 37, 
close the stop-cock of the dropping funnel, fill half full with dilute hydrochloric 
acid (1 to 1), reconnect with the soda-lime tower, and allow the acid to flow into 
the Erlenmeyer flask, slowly if there is much carbon dioxid, rapidly if there is 
little. When effervescence diminishes, place a low Bunsen flame under the flask and 
start a flow of water through the condenser, a slow current of air being allowed to 
flow through the apparatus at the same time. Maintain a steady but quiet ebulli- 
tion, and a slow air current through the apparatus. Boil for a few minutes after 
the water has begun to condense in the condenser, then remove the flame and con- 
tinue the aspiration of air at the rate of about 2 bubbles per second until the 
apparatus is cool. Disconnect the tared absorption tubes, cool in the balance case 
and weigh. The increase in weight is due to carbon dioxid. 

COPPER. 

39 Electrolytic Method.— Official. 

Dissolve 2 grams of the dry powdered sample in 20 cc. of water and 5 cc. of con- 
centrated nitric acid, dilute to 100 cc, wash into a weighed 150 cc. platinum dish, 
and electrolyze, using a rotating spiral anode and a current of about 3 amperes. 
After all the copper is deposited (requiring about 30 minutes), wash the deposit 
with water by siphoning, then rinse with alcohol, dry for a few minutes in an oven, 
and weigh. Calculate the per cent of copper in the sample. 

40 ThiosulphaU Method,— Official. 

Dissolve 2 grams of the dry powdered sample in about 50 cc. of 10% nitric acid, 
add ammonium hydroxid solution in excess and heat; then, without removing the 
precipitate which is formed, boil off the excess of ammonia, add 5-10 cc. of acetic 
acid, cool, add 10 cc. of 30% potassium iodid solution, and titrate as directed under 

vm,29. 
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BORDEAUX MIXTURB WITH PARIS GREEN. 

41 ]fOISTUSE.-OFF[CIAL. 
Proceed as directed under 36. 

42 CARBON DIOXID.— OFnCIAL. 
Proceed as directed under 38. 

COPFBR. 

43 Method I.— Tentative. 

Dissolve 2 grams of the dry powdered sample in a few cc. of strong nitric acid, 
add 25 cc. of a 3% solution of hydrogen peroxid and warm for 5-10 minutes. Make 
slightly alkaline with anmionium hydroxid and then slightly acid again with dilute 
nitric acid. Transfer to a weighed 150 cc. platinum dish, add 15-20 cc. of hydrogen 
peroxid, dilute to 100 cc. and electrolyse, using a rotating spiral anode and a cur- 
rent not exceeding 2 amperes. After the electrolysis has proceeded for about 20 
minutes, add to the electrolyte 0.5 gram of ferric sulphate dissolved in a few cc. 
of water together with a drop or two of nitric acid . After all the copper is deposited, 
wash the deposit with water by siphoning, then rinse with alcohol, dry for a few 
minutes in an oven, weigh and calculate the per cent of copper. (Do not pass the 
current, for more than 5-10 minutes after all the copper has been deposited without 
adding more ferric sulphate solution.) 

44 Method II .—Tentative. 

Treat 1 gram of the dry powdered sample with 20 cc. of water and 5-6 cc. of con- 
centrated nitric acid, heat to boiling, cool, and add a slight excess of concentrated 
ammonium hydroxid. Wash the solution and precipitate into a weighed platinum 
dish of about 150 cc. capacity, and electrolyze, using a rotating anode and a cur- 
rent of about 4 amperes and 3-4 volts for about 90 minutes (or until all the copper 
is deposited) . Wash the deposit by siphoning until the deposit is clean, being care- 
ful not to use too much wash water. Dissolve the copper in 5 cc. of concentrated 
nitric acid, dilute to 100 cc. and electrolyze as before, except that all the copper 
will be deposited in 30 minutes. Wash the deposit with water by siphoning, then 
rinse with alcohol, dry for a minute or so in an oven, weigh and calculate the per 
cent of copper. 

45 TOTAL ARSBNICi-OFflCIAL. 

Proceed as directed under 5, using an amount of the dry powdered sample equal 
to the arsenious oxid equivalent of 500 cc. of the standard iodin solution. The num- 
ber of cc. of the standard iodin solution used, divided by 2, represents directly the 
per cent of total arsenic in the sample expressed as arsenious oxid ( AssOt) . 

TOTAL ARSBinOUS OXID. 

46 Method I. —Tentative. 

Proceed as directed imder 7, using an amount of the dry, powdered sample equal 
to the arsenious oxid equivalent of 200 cc. of the standard iodin solution. Before 
titrating, all the copper must be in solution. The corrected number of cc. of the 
standard iodin solution used, divided by 2, represents directly the per cent of total 
arsenious oxid (AssOi) in the sample. 
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47 Method 11.— Tentative. 
Proceed as directed under 8. 

48 WATBR-SOLUBLB ARSBmOUB OXID.— TBHTATIVB. 

Proceed as directed under 20, using 2 grams of the sample. 

BORDEAUX MIXTURB WITH LEAD ARSENATE. 

49 ]foi8Tinui.-OFnciAL. 
Proceed as directed under 38. 

50 CARBON DIOXID.-OFflCIAL. 

Proceed as directed under 38. 

51 COPPBR.— TBNTATIVB. 

Proceed as directed under 44. 

52 LBAD OXID.i-TBNTATIVB. 

Dissolve the lead peroxid (which will contain a little arsenic) from the anodes 
used in the copper electrolysis, under 51 , by means of dilute nitric acid and a little 
hydrogen peroxid, and add to this solution the washings from both electrolyses 
of copper. Add ammonium chlorid to dissolve any lead sulphate which may have 
precipitated out and make the solution up to 1 liter. Concentrate a 500 cc. aliquot 
of this solution to about 300 cc. (all hydrogen peroxid must be expelled from the 
solution), transfer to a 400 cc. beaker and precipitate the lead as lead chromate 
as directed under 24. 

53 TOTAL ARSBNIC.^OFnCIAL. 

Proceed as directed under 5, using an amount of the dry, powdered sample equal 
to the arsenic oxid equivalent of 500 cc. of the standard iodin solution. The num- 
ber of cc. of the standard iodin solution used, divided by 2, represents directly the 
per cent of total arsenic in the sample expressed as arsenic oxid (AsiOi). 

54 WATBR-SOLUBLB ARSBinC OXm.-TBNTATIVB. 
Proceed as directed under 31 . 

SODIUM AND POTASSIXTM CTANIDS. 

55 CTANOGBN.u~OFfICIAL. 

Weigh about 10 grams of the sample in a weighing bottle, dissolve in water, and 
make up to volume in a liter graduated flask. To a 50 cc. aliquot add N/20 silver 
nitrate, drop by drop, stirring constantly, until 1 drop produces a permanent tur- 
bidity. In calculating the results, 1 equivalent of silver is equal to 2 equivalents 
of cyanogen, according to the following equation: 

2NaCN + AgNO, - NaCNAgCN + NaNO. 

Reserve the titrated solution for the determination of chlorin under 56. 
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50 CHLORIN.)«-OFfICIAL. 

After completion of the titration for cyanogen, as directed under 55, add a few 
cc. of 10% potassium chromate solution as indicator and titrate with N/20 silver 
nitrate until the appearance of the red-brown color of silver chromate. 

The first titration with silver nitrate represents the cyanogen present according 
to the equation above. The second titration represents the cyanogen and chlorin 
according to the following equation: NaCNAgCN + NaCl + 2AgN0i = 2NaN0t + 
2AgCN + AgCl. Therefore the second minus the first reading represents the chlorin 
present in terms of silver nitrate. 

SOAP. 
MOISTORB. 

57 Modified Method of Benedickt and LewkomtechM — Tentative. 

Weigh about 5 grams of the sample in a tared, 100 cc. beaker, in which is pre- 
viously placed a } inch layer of recently ignited, dry sand, and a small glass rod; 
if the soap is hard, cut off the soap in very thin strips. Add 25 cc. of alcohol, 
or more if necessary, and dissolve on the water bath, stirring constantly. Evapo- 
rate the alcohol, heat in an oven at 110^. until the soap is nearly dry, and weigh, 
then dry again for 30 minutes and weigh. Continue this alternate drying and 
weighing until the weight changes only a few milligrams during the course of 30 
minutes' dr3ring. 

58 POTASSinil AND 80DIU]Li«-TBNTATIVB. 

Dissolve about 5 grams of the soap in water; decompose with hydrochloric acid, 
filter off the water and wash the fat with cold water. Determine both potassium 
and sodium in the filtrate as directed under 11, 21 , 

SODA LTB. 

59 CARBONATBAND H7DROXID.n-OFnCIAL. 

Weigh about 10 grams of the sample from the weighing bottle, dissolve in car- 
bon dioxid-free water and make up to a definite volume. Titrate an aliquot of this 
solution with N/2 hydrochloric acid, using methyl orange as an indicator, and note 
the total alkalinity thus found. Transfer an equal aliquot to a graduated flask 
and add enough barium chlorid solution to precipitate all the carbonate, avoiding 
any unnecessary excess. Dilute to the mark with carbon dioxid-free water, stopper, 
shake, and set aside. When the liquid becomes clear, pipette off one half and ti- 
trate with N/2 hydrochloric acid, using phenolphthalein as an indicator. The 
number of cc. of N/2 acid, required for this titration, multiplied by 2 gives the num- 
ber of cc. of N/2 acid required to neutralise the sodium hydroxid present in the 
original aliquot. The difference between this figure and the number of cc. of N/2 
hydrochloric acid required for the total akalinity represents the number of cc. of 
N/2 acid required to neutralize the sodium carbonate present in the aliquot. Cal- 
culate the percentages of sodium carbonate and hydroxid present in the sample. 

TOBACCO AND TOBACCO EXTRACT. 

mCOTIN. 

Kieeling Method.— Official. 

60 RBAGBNTB. 

(a) Alcofiolie sodivm hydroxid solution, — ^Dissolve 6 grams of sodium hydroxid 
in 40 cc. of water and 60 cc. of 90% alcohol. 



Digitized by 



Google 



74 METHODS OF ANALYSIS [Chap. 

(b) 04% sodium kydroxid solution. 

(C) N/10 sulphuric acid. — One cc. is equivalent to 16.22 mg. of nicotin. 

(d) Phenacetolin solution. — ^Prepare a 0.5% alcoholic solution. 

(e) Cochineal solution. — Prepare as directed under I, 16 (k). 

61 DBTEBMINATION. 

Weigh 5-^ grains of tobacco extract, or 20 grams of finely powdered tobacco 
which has been previously dried at 60^C. if necessary, into a small beaker. Add 
10 cc. of the alcoholic sodium hydroxid and follow, in the case of tobacco extract, 
with enough pure powdered calcium carbonate to form a moist but not lumpy mass. 
Mix thoroughly, transfer to a Soxhlet extractor and exhaust for about 5 hours with 
ether. Evaporate the ether at a low temperature, and take up the residue with 50 
cc. of the 0.4% sodium hydroxid solution. Transfer this residue by means of water 
to a 500 cc. Kjeldahl flask, and distil with steam, passing the distillate through a 
condenser cooled by a rapidly flowing current of water. Use a 3-bend outflow tube, 
and, to prevent bumping and frothing, add a few pieces of pumice, and a small piece 
of parafiin. Distil till all the nicotin has passed over, the distillate usually varying 
from 400-500 cc. When completed, only about 15 cc. of the liquid should remain in 
the flask. Titrate the distillate with N/10 sulphuric acid, using the phenacetolin 
or cochineal solution as indicator. 

Silxcotungstic Acid Method. ^'--Official. 

62 BE AGENTS. 

(a) Silxcotungstic add solution. — Prepare a 12% solution of the silicotungstio 
acid having the following formula: 4HfO.SiOi.l2WOt.22HiO. 

(b) Sodium or potassium hydroxid solution (/ to B). 
(C) Dilute hydrochloric acid (i to 4)» 

63 DETERMINATION. 

Weigh such an amount of the preparation as will contain preferably between 0.1 
and 1.0 gram of nicotin (if the sample contains very little nicotin, about 0.1%, do 
not increase the amount to the point where it interferes with the distillation) ; wash 
with water into a500cc. round-bottomed distillation flask; add a little paraflin to pre- 
vent frothing, a few small pieces of pumice and a slight excess of the sodium or 
potassium hydroxid, using phenolphthalein as an indicator. Distil rapidly in a 
current of steam through a well-cooled condenser, connected by means of an adapter 
with a suitable flask containing 10 cc. of the dilute hydrochloric acid. When distil- 
lation is well under way, heat the distillation flask to reduce the volume of the liquid 
as far as practicable without bumping or undue separation of insoluble matter. Dis- 
til until a few cc. of the distillate show no cloud or opalescence when ti^ated with a 
drop of the silicotungstic acid and a drop of the dilute hydrochloric acid. Confirm 
the alkalinity of the residue in the distillation flask with phenolphthalein solution. 
Make up the distillate, which may amount to 1000-1500 cc ., to a convenient volume (the 
solution may be concentrated on the steam bath without loss of nicotin), mix well 
and pass through a large dry filter if not clear. Test a portion with methyl orange 
to assure its acidity. Pipette an aliquot, containing about 0.1 gram of nicotin, into 
a beaker (if the samples contain very small amounts of nicotin, an aliquot contain- 
ing as little as 0.01 gram of nicotin may be used), add to each 100 cc. of liquid 3 cc. 
of the dilute hydrochloric acid, or more if the necessity is indicated by the test with 
methyl orange, and add 1 cc. of the silicotungstic acid for each 0.01 gram of nico- 
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tin supposed to be present. Stir thoroughly and let stand overnight. Before filter- 
ing, stir the precipitate to see that it settles quickly and is in crystalline form; then 
filter on an ashless filter paper, and wash with cold dilute hydrochloric acid (1 to 
1000). Transfer the paper and precipitate to a weighed platinum crucible, dry 
carefully, and ignite until all carbon is destroyed. Finally heat over a Teclu or 
Meker burner for not more than 10 minutes. The weight of the residue multiplied 
by 0.114 gives the weight of nicotin present in the aliquot. 

FORMALDEHYDE SOLUTIONS. 
FORKALDBHTDB. 

Hydrogen Peroxid Method,^*— Official. 

64 BEAGBNTB. 

(a) N/1 stdphuric acid. 

(b) N/1 sodium hydroxid. — One cc. is equivalent to 30.02 mg. of formaldehyde. 
(C) Hydrogen peroxid.— An approximately 3% solution. If the hydrogen per- 
oxid solution is acid, neutralise with (b), using litmus solution as indicator. 

(d) Litmus eolution. — ^A solution of purified litmus. 

65 DETERMINATION. 

Measure 50 cc. of N/1 sodium hydroxid into a 500 cc. Erlenmeyer flask and add 
50 cc. of the hydrogen peroxid. Then add 3 grams of the formaldehyde solution un- 
der examination, allowing the point of the pipette to reach nearly to the liquid in the 
flask. Place a funnel in the neck of the flask and heat on the steam bath for 5 min- 
utes, shaking occasionally. Remove from the steam bath, wash the funnel with 
water, cool the flask to about room temperature, and titrate with N/1 acid, using 
the litmus solution as indicator. It is necessary to cool the flask before titration 
with the acid to get a sharp end point with the litmus. Calculate the per cent of 
formaldehyde. 

Cyanid Method.*^— Official. 

66 BBAGBNTS. 

(a) N/10 silver nitraU. 

(b) N/10 ammonium svlphocyanate. 

(C) Potassium cyanid solution. — ^Dissolve 3.1 grams of potassium cyanid in 500 
cc. of water. 

(d) 60% nitric acid. 

67 DETERMINATION. 

Treat 15 cc. of the N/10 silver nitrate with 6 drops of the 50% nitric acid in a 
50 cc. volumetric flask; add 10 cc. of the potassimn cyanid solution, dilute to the 
mark, shake well, filter through a dry filter and titrate 25 cc. of the filtrate with 
N/10 ammonium sulphocyanate as directed under m, 15. Acidify another 15 cc. 
portion of the N/10 silver nitrate with 6 drops of the 50% nitric acid and treat with 
10 cc. of the potassium cyanid solution to which has been added a measured quan- 
tity (the weight of which must be calculated from the specific gravity) of the for- 
maldehyde solution containing not over 2.5 grams of a 1% solution or the equiva- 
lent. Make up to 50 cc, filter and titrate a 25 cc. aliquot with the N/10 ammonium 
8ulphoc3ranate for the excess of silver as before. The difference between the num- 
ber of cc. of N/10 ammonium sulphocyanate used in these 2 titrations, multiplied 
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by 2, gives the number of cc. of N/10 ammonium sulphocyanate corresponding to 
the potassium cyanid used by the formaldehyde. Calculate the per cent of for- 
maldehyde present (1 cc. of N/10 ammonium sulphocyanate is equivalent to 3 mg. of 
formaldehyde (ECHO)). 

LIME-SULPHUR SOLUTIONS « 
TOTAL SULPHUR.— OFFICIAL. 

88 PBEPARATION OF SOLUTION. 

Weigh 10 grams of the solution and dilute to the mark in a 250 cc. graduated 
flask with recently boiled and cooled water. 

89 DBTEBMINATION. 

Transfer a 10 cc. aliquot to a 400 cc. beaker, add about 3 grams of sodium perozid, 
cover immediately with a watch glass and warm on the steam bath, with frequent 
shaking, until all the sulphur is oxidized to sulphate, adding more sodium perozid 
if necessary. Dilute, acidify with hydrochloric acid, evaporate to dryness, treat 
with water acidified with hydrochloric acid, boil, and filter to remove silica, if pres- 
ent. Dilute the filtrate to 300 cc, add 50 cc. of concentrated hydrochloric acid,** 
heat to boiling, and precipitate with 10% barium chlorid solution slowly and stir- 
ring constantly. (The rate is best regulated by attaching a suitable capillary tip 
to the burette containing the barium chlorid solution.) Evaporate to dr3mess on 
the steam bath, take up with hot water, filter through a quantitative filter paper, 
wash until free from chlorin, ignite and heat to constant weight over a Bunsen 
burner. Calculate the sulphur from the weight of barium sulphate. Previous to 
use test the reagents for sulphur and, if present, make corrections accordingly. 

SULPHID SULPHUR.— OFPICIAL. 

70 REAGENT. 

Ammaniacal zinc solution, — Dissolve 50 grams of pure zinc chlorid in water, add 
ammonium hydroxid in sufficient quantity to redissolve the precipitate first formed, 
then add 50 grams of ammonium chlorid** and dilute to 1 liter. 

71 DETERMINATION. 

Dilute 10 cc. of the solution, prepared as directed under 88, to about 100 cc. and 
add the ammoniacal zinc solution until the sulphid is all precipitated, indicated by 
the addition of a drop of the clear solution to a few drops of nickel sulphate solution. 
Filter immediately, wash the precipitate thoroughly with cold water and transfer 
it and the filter paper to a beaker. Cover with water, disintegrate with a glass rod 
and add about 3 grams of sodium peroxid, keeping the beaker well covered with a 
watch glass. Warm on the steam bath with frequent shaking until all the sulphur 
is oxidized to sulphate, adding more sodium peroxid if necessary. Make slightly 
acid with hydrochloric acid, filter to remove shreds of filter paper, wash thoroughly 
with hot water, and determine the sulphur in the filtrate exactly as imder 89. 

72 TmOSULPHATB SULPHUR.— OFHCIAL. 

Dilute 50 cc. of the solution, prepared as under 88, to about 100 cc. in a 200 cc. 
graduated flask. Add a slight excess of the ammoniacal zinc chlorid and dilute to 
the mark. Shake thoroughly and filter through a dry filter. To 100 cc. of the fil- 
trate add a few drops of methyl orange and exactly neutralize with N/10 hydrochloric 
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acid. Titrate this neutral solution with approximately N/20 iodin, 3 (C), using a 
few drops of starch solution as indicator. From the number of cc. of iodin solu- 
tion used, calculate the thiosulphate sulphur present. 

73 SULPHATE SULPHUR.— OFnCIAL. 

To the solution from the determination in 72, add 2 or 3 drops of hydrochloric 
acid, precipitate in the cold with 10% barium chlorid solution, allow to stand over- 
night, filter, calculate the sulphur from the weight of barium sulphate and report 
as sulphate sulphur. 

74 TOTAL LI]IB.-OFnCIAL. 

To 25 CC. of the solution, prepared as under 68, add 10 cc. of concentrated hydro- 
chloric acid, evaporate to dryness on the steam bath, treat with water and a little 
hydrochloric acid, warm until all the calcium chlorid is dissolved, and filter from sul- 
phur and any silica that may be present. Oxidize the filtrate by boiling with a 
little concentrated nitric acid, make ammoniacal, filter from iron and aluminium 
if present, heat to boiling and precipitate the calcium with ammonium oxalate so- 
lution. Filter, wash and ignite over a blast lamp to constant weight; weigh the 
residue as calcium oxid. 

BIBLIOGRAPHY. 

1 J. Ind. Eng. Chem., 1916, 8: 327. 
« Ibid., 1909, 1: 208. 

• J. Assoc. Official Agr. Chemists, 1915, 1: 436, 446. 
« J. Am. Chem. Soc, 1901, 23: 116. 

• Ibid., 1902, 24: 1082. 

• Ibid., 1900, 22: 802. 

^ U. S. Bur. Chem. Bull. 122, p. 106. 

• Am. J. Sci., 1890, 3rd ser., 40: 66. 

• U. S. Bur. Chem. Bull. 137, p. 40. 
>« Ibid., 105, p. 166. 

" Ibid., p. 167. 

>' Fresenius. Quantitative Chemical Analysis. Revised and amplified transla- 
tion of the 6th German ed., 2: 1180; U. S. Geol. Surv. Bull. 422, p. 179. 

>• Sutton. Volumetric Analysis. 10th ed., 1911, p. 207. 

" Ibid., 9th ed., rev., p. 201. 

^* Lewkowitsch. Chemical Technology and Analysis of Oils, Fats and Waxes. 5th 
ed., 1915, 3: 348. 

»• Ibid., 346. 

" Sutton. Volumetric Analysis. 10th ed., 1911, p. 61. 

i» U. S. Bur. Animal Industry, Bull. 133. 

" Ber., 1898, 31: 2979; J. Am. Chem. Soc, 1905, 27: 1183; U. S. Bur. Chem. BuU. 
99, p. 30; 132, p. 49; 137, p. 47. 

» Z. anal. Chem., 1897, 36: 18; U. S. Bur. Chem. Bull. 132, p. 49. 

" J. Assoc. Official Agr. Chemists, 1915, 1: 76. 

" J. Am. Chem. Soc, 1911, 33: 844. 

*» J. Soc. Chem. Ind., 1912, 31: 369. 



Digitized by 



Google 



Digitized by 



Google 



Vin. FOODS AND FEEDING STUFFS. 

1 FKEPASATION OF 8A1IPIB.-OFFICIAL. 

Grind the sample so that it will pass through a sieve having circular openings 
ifg inch (1 nu^.) in diameter. If the sample can not be ground, reduce it to as fine a 
state as possible. 

MOISTCntB. 

2 Direct Drying.^Qfficial. 

Dry a quantity of the substance, representing about 2 grams of dry material, 
in a current of dry hydrogen or in vacuo at the temperature of boiling water to 
constant weight (approximately 5 hours). If the substance be held in a glass vessel, 
the latter should not be in contact with the boiling water. 

3 Drying in Vacuo without Heat, — Tentative* 

Mix the sample thoroughly and weigh by difference 2-6 gram portions from a 
stoppered weighing bottle into tared, covered crucibles. Where subsequent fat 
determinations are to be made, fat extraction cones may be used. Substances that 
dry down to horn-like material should be mixed with fat-free cotton or other suit- 
able material (previously tared with the container). Place 200 cc. of fresh concen- 
trated sulphuric acid in a strong, tight 6 inch vacuum desiccator. Put triplicate 
samples in separate desiccators, and exhaust by means of a vacuum pump. If a 
pump is not available, place 10 cc. of ether in a small beaker in the desiccator, and 
exhaust with a water filter pump. 

Between the pump and the desiccator interpose an empty bottle, next to the 
desiccator, and a bottle of water. Draw the air from the desiccator through the 
water and turn the desiccator stop-cock at just the instant when the water begins 
to rise in the tube leading from the empty bottle. 

Gently rotate the desiccator 4 or 5 times during the first 12 hours to* mix the sul- 
phuric acid with the water which has collected as an upper layer. At the end of 24 
hours open the desiccator, forcing the incoming air to bubble through concentrated 
sulphuric acid, and make the first weighing. After weighing place in a desiccator 
containing fresh concentrated sulphuric acid and exhaust as before. Rotate the 
desiccator several times during the interval and weigh again after a suitable period 
of drying. Repeat this process of drying in vacuo over sulphuric acid until the 
weight is constant. 

4 ASIL-^OFIICIAL. 

Char a quantity of the substance, representing about 2 grams of the dry material, 
and bum until free from carbon at a low heat, not to exceed dull redness. If a 
carbon-free ash can not be obtained in this manner, exhaust the charred mass with 
hot water, collect the insoluble residue on a filter, burn till the ash is white or nearly 
so, and then add the filtrate to the ash and evaporate to drjmess. Heat to low 
redness till the ash is white or grayish white and weigh. 

79 
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5 CRUDE PROTBUf .-OFnCIAL. 

Determine nitrogen as directed under 1, 1 8, 21 , or 23, and multiply the result bj 
6.25. 

ALBUMUf OID NITROGBN.— OFnCIAL. 

6 REAGENT. 

StuUer*9 reagent. — Prepare cupric hydroxid as follows: Dissolve 100 grams of pure 
copper sulphate in 5 liters of water, add 2.5 cc. of glycerol, and then dilute sodium 
hydroxid solution until the liquid is just alkaline; filter, rub the precipitate up with 
water containing 5 cc. of glycerol per liter, and wash by decantation or filtration 
until the washings are no longer alkaline. Rub the precipitate up again in a mortar 
with water containing 10% of glycerol, thus preparing a uniform gelatinous mass 
that can be measured with a pipette. Determine the quantity of copper hydroxid 
per cc. of this mixture. 

7 DETERinNATION. 

Place 0.7 gram of the substance in a beaker, add 100 cc. of water, and heat to 
boiling; or, in case of substances rich in starch, heat on the water bath for 10 minutes; 
add a quantity of the Stutser's reagent containing about 0.5 gram of the hydroxid; 
stir thoroughly, filter when cold, wash with cold water, and, without removing the 
precipitate from the filter, determine the nitrogen according to I, 18, 21 or 23, 
adding sufficient potassium sulphid solution to completely precipitate all of the 
copper and mercury. The filter paper used must be practically free from nitrogen. 
If the material (such as seeds, seed residue, or oil cake) is rich in alkaline phos- 
phates, add, to decompose the alkaline phosphates, 1-2 cc. of a concentrated potash 
or soda alum solution, free from anmionia, then the copper hydroxid, and mix well 
by stirring. If this is not done, copper phosphate and free alkali may be formed, 
and the protein-copper precipitate partially dissolved in the alkaline liquid. 

8 AMIDO NITROGBN.-OFnCIAL. 

Subtract the amount of albuminoid nitrogen from the amount of total nitrogen 
to obtain the amido nitrogen. 

CRUDE FAT OR BTHBR EXTRACT. 

Direct Method,— Official. 

8 BBAGBNT. 

Anhydrifue ether. — ^Wash any of the conmiercial brands of ether with 2 or 3 sue- 
cessive portions of water, add solid sodium or potassium hydroxid, and let stand 
until most of the water has been abstracted from the ether. Decant into a dry 
bottle, add small pieces of carefully cleaned metallic sodium, and let stand until 
there is no further evolution of hydrogen gas. Keep the ether, thus dehydrated, 
over metallic sodium in lightly stoppered bottles. 

1 DETERMINATION. 

Large quantities of soluble carbohydrates may interfere with the complete ex- 
traiction of the fat. In such cases extract with water before proceeding with the 
determination. Extract about 2 grams of material, dried as under 2 or 3, with the 
anhydrous ether for 16 hours. Dry the extract at the temperature of boiling water 
for 30 minutes, cool in a desiccator, and weigh; continue, at 30 minutes intervals, 
this alternate drying and weighing to constant weight. For most feeds a period 
of 1-1} hours is required. 
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1 1 Indirect Method.— Official. 

Detennine the moisture, as directed in 2 or 3, then extract the dried substance 
for 16 hours as directed under 10, dry again and regard the loss of weight as ether 
extract. 

Sucrose. 

OPTICAL METHODS. 

12 GENERAL DIRECTIONS FOR RAW SUGARS.— TENTATIVE. 

(Rules^ of the International Commission for Unifying Methods of Sugar Analysis.) 

"In general all polarizations are to be made at 20°C." 

"The verification of the saccharimeter must also be made at 20°C. For instru- 
ments using the Ventske scale 26 grams of pure dry sucrose, weighed in air with 
brass weights, dissolved in 100 metric cc. at 20°G. and polarised in a room, the tem- 
perature of which is also 20^*0., must give a saccharimeter reading of exactly 100.00. 
The temperature of the sugar solution during i>olari2ation must be kept constant 
at 20*'C." 

"For countries where the mean temperature is higher than 20^C., saccharimeters 
may be adjusted at 30^C. or any other suitable temperature, under the conditions 
specified above, provided that the sugar solution be made up to volume and polarised 
at this same temperature." 

"In effecting the polarisation of substances containing sugar employ only half- 
shade instruments." The saccharimeter used can be either single or double wedge 
and should be a half-shadow instrument with either double or triple field. 

"During the observation keep the apparatus in a fixed position and so far removed 
from the source of light that the polarizing Nicol is not warmed." 

"As sources of light employ lamps which give a strong illumination such as 
triple gas burner with metallic cylinder, lens and reflector; gas lamps with Auer 
(Welsbach) burner; electric lamp; petroleum duplex lamp; sodium light." When- 
ever there is any irregularity in the sources of light such as that due to the convolu- 
tions of the filament in the case of electric light or to the meshes of the gauze in the 
case of the Welsbach light, place a thin ground-glass plate between the source of 
light and the polariscope so as to render the illumination imiform. 

"Before and after each set of observations the chemist must satisfy himself of the 
correct adjustment of his saccharimeter by means of standardized quartz plates. 
He must also previously satisfy himself of the accuracy of his weights, polarization 
flasks, observation tubes and cover-glasses. (Scratched cover-glasses must not be 
used.) Make several readings and take the mean thereof, but no one reading may 
be neglected." Such plates are standardized to read to the second decimal point 
and by their use a quick and at the same time accurate t«st can be made. In using 
such plates for testing saccharimeters, it is necessary that the instrument, as well as the 
plate, be at 20^0. before making a reading. Different points of the scale, preferably 
20^, 50°, 80**, and 100°, (sugar scale) should be tested against the plates. 

"In making a polarization use the whole normal weight for 100 cc. or a multiple 
thereof for any corresponding volume." 

"As clarif3dng and decolorizing agents use either basic acetate of lead, alumina 
cream, or concentrated solution of alum. Boneblack and decolorizing powders are 
to be excluded." Whenever reducing sugars are determined in the solution for po- 
larizing, use only neutral lead acetate for clarification as basic lead acetate causes 
precipitation of some of the reducing sugars. In addition to these clarifying agents, 
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neutral lead acetate and basic lead nitrate (Herles' solution) liave been made official 
by the Association. 

"After bringing the solution exactly to the mark at the proper temperature, and 
after wiping out the neck of the flask with filter paper, pour all of the well-shaken 
clarified sugar solution on a rapidly acting filter. Reject the first portions of the 
filtrate, and use the rest, which must be perfectly clear, for polarization.'' It is 
advisable to reject the first 20 cc. that run through, then cover the funnel with a 
watch glass and use the remainder for polarization. In no case should the whole 
solution or any part be returned to the filter. If cloudy after the 20 cc. have been 
rejected, begin a new determination. 

"Whenever white light is used in polarimetric determinations, the same must be 
filtered through a solution of potassium dichromate of such a concentration that the 
percentage content of the solution multiplied by the length of the column of the solu* 
tion in centimeters is equal to nine." This concentration must be doubled in 
reading carbohydrate materials of high rotation dispersion, such as commercial 
glucose, etc. 

13 PREPARATIOlf AND USB OF CLARIFTING RSAGBIITS.— TBNTATIVB. 

(a) Basic lead acetate soltUion. — Boil 430 grams of neutral lead acetate, 130 grams 
of litharge, and 1 liter of water for 30 minutes. Allow the mixture to cool and settle 
and dilute the supernatant liquid to a specific gravity of 1.25 with recently boiled 
water. Solid basic lead acetate may be substituted for the normal salt and litharge 
in the preparation of the solution. 

(b) Alumina cream, — Prepare a cold saturated solution of alum in water. Add 
ammonium hydroxid with constant stirring until the solution is alkaline to litmus, 
allow the precipitate to settle and wash by decantation with water until the wash 
water gives only a slight test for sulphates with barium chlorid solution. Pour off 
the excess of water and store the residual cream in a stoppered bottle. 

(C) Dry basic lead acetate (Home method). — ^This clarifying agent is obtained as 
a dry powdered salt and should contain 72.8% of lead, which corresponds to a com- 
position of 3Pb(CtHaOt)t2PbO. Dissolve the normal or half -normal weight of the 
sugar solution in a flask with water and complete the volume. Add a small quantity 
of the dry salt and shake, then add more and shake again, repeating until completely 
precipitated but avoiding any excess. Of this salt 0.1346 gram is equivalent to 1 cc. 
of the basic lead acetate solution, described under (a) . When molasses or any other 
substance producing a heavy precipitate is being clarified, some dry, coarse sand 
should be added to break up the balls of basic lead acetate and the precipitate. 
(This method is to have equal weight with the use of a solution of basic lead acetate 
in clarifying cane, sorghum, and beet products.) « 

(d) Neutral lead acetate, — Prepare a saturated solution of neutral lead acetate and 
add it to the sugar solution before completing to volume. Its use is imperative when 
determining the reducing sugars in the solution used for polarization. 

(e) Basic lead nitrate (flerUs* solution), — (1) Dissolve 250 grams of lead nitrate 
in water and make up to 500 cc. (2) Dissolve 25 grams of sodium hydroxid in water 
and make up to 500 cc. 

Add equal amounts of (1) and (2) to the sugar solution, shake, and add more if 
complete precipitation has not occurred, but avoid any excess. Then complete 
the volume with water. When this solution is used for clarification, the factor in the 
Clerget determination becomes 143.5 instead of 142.66. 
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DBTBRMIlf AHON OF SUCROSE IN THE ABSENCE OF RAFFINOSE. 

(In the presence of much levulose, as in honeys and fruits products, the optical 
method for sucrose gives too high a result.) 

14 By Polarization Before and After Inversion with Hydrochloric Acid,— Official. 

Dissolve the normal weight (26 grams) of the substance in water, add basic lead 
acetate carefully, avoiding any excess, then 1-2 cc. of alumina cream, shake, and 
dilute to 100 metric cc, filter, rejecting the first 20 cc. of the filtrate, cover the 
filter with a watch glass and, when sufficient filtrate is collected, polarize in a 200 
nmi. tube. The reading so obtained is the direct reading (P of formula given be* 
low) or polarization before inversion. ]^or the invert reading, remove the lead from 
the solution either (1) by adding anhydrous potassium oxalate, a little at a time, 
to the remaining solution, avoiding an excess and removing the precipitated lead 
by filtration; or, (2) by adding anhydrous sodium carbonate under the same con- 
ditions. Introduce 50 cc. of the lead-free filtrate into a 100 cc. flask (if sodium 
carbonate was used for removing the lead, neutralize carefully the excess of sodium 
carbonate with a few drops of dilute hydrochloric acid) and add 25 cc. of water. 
Then add, little by little, while rotating the flask, 5 cc. of hydrochloric acid, (sp.gr. 
1.20). Heat the flask after mixing, in a water bath kept at TO'^C. The temperature 
of the solution in the flask should reach 67°'69''C. in 2f-3 minutes. Maintain a 
temperature of as nearly 69°C. as possible for 7-7i minutes, making the total time 
of heating 10 minutes. Remove the flask and cool the contents rapidly to 20^C. 
and dilute to 100 cc. Polarize this solution in a tube provided with a lateral branch 
and a water jacket, maintaining a temperature of 20^C. This reading must be 
multiplied by 2 to obtain the invert reading. If it is necessary to work at a tem- 
perature other than 20''C., which is allowable within narrow limits, the volumes 
must be completed and both direct and invert polarizations must be made at exactly 
the same temperature. 

The inversion may also be accomplished as follows: (1) To 50 cc. of the clarified 
solution, freed from lead, add 5 cc. of hydrochloric acid (sp. gr. 1.20) and set aside 
for 24 hours at a temperature not below 20''C. ; or , (2) If the temperature be above 
25*C. set aside for 10 hours. Make up to 100 cc. at 20*'C. and polarize as directed 
above. 

Calculate sucrose by one of the following formulas: 

For aubetances in which the invert solution contains more than IB grams of invert 
sugar per 100 cc.— The following formula is to be used when substances like raw 
sugars are polarized: 

„ 100 (P - I) . , . , 

S — ^ in which 

T 
142.66 - - 

S « per cent of sucrose; 

P - direct reading normal solution; 

I a invert reading normal solution; 

T » temperature at which readings are made. 
For substances in which the concentration of the invert solution is less than IB grams 
per 100 cc. — The following formula, which takes into account the concentration of the 
sugar in solution, should be used in all other cases. 
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100 (P- I) 



142.66 - I - 0.0065 [142.66 - 1 - (P - 1)1 



in which 



S s per cent of sucrose; 
P » direct reading normal solution; 
I » invert reading normal solution; 
T « temperature. 

By Polarization Before and After Inversion with Inveriase, — Tentative. 

1 5 REAQBNT. 

Inoertase solution {Hudson Method,^) — ^Mix 1 kilo of pressed baker's or brewer's 
yeast with 1 liter of tap water and 50 cc. of toluene and keep at room temperature 
2-3 days to allow autolysis to proceed to the stage of maximum inverting activity. 
Then add neutral lead acetate in slight excess, filter, precipitate the lead in the 
filtrate with hydrogen sulphid, filter again and then dialyze the filtrate thoroughly 
in a collodion sac. Preserve in an ice box the dialyzed solution with the addition 
of a little toluene to prevent the growth of micro-organisms. Note the optical 
activity of the invertase solution and correct the invert reading according to the 
amount of the solution used. 

16 DETBBMINATZON. 

Dissolve the normal weight (26 grams) of the substance in water, clarify, make 
up to volume, and take the direct polarisation (P) as directed under 14. If lead 
has been used as a clarifying agent, remove the excess of lead from the filtrate, with 
anhydrous sodium carbonate or potassium oxalate, and filter. To 50 cc. of the 
filtrate in a 100 cc. flask add acetic acid, drop by drop, until the reaction is acid to 
litmus, add 10 cc. of the invertase solution, fill the flask with water nearly to 100 ce. 
and let stand in a warm place (about 40^*0.) overnight. Cool and make up to 100 ee. 
at 20°G. Polarise at 20^C. in a 200 nun. tube. Allow the solution to remain in the 
tube for an hour and repeat the polarisation. If there is no change from the pre- 
vious reading, the inversion is complete, whereupon the reading and temperature 
of the solution are carefully noted. Correct the reading for the optical activity 
of the invertase solution and then multiply by 2. Calculate the percentage of 
sucrose by the following formula: 

a 100 (P - D . u- u 

S ^ m which 



142 - I - 0.0065 [142 - I - (P - 1)1 



S B per cent of sucrose; 

P - direct reading; 

I B invert reading; 

T — temperature at which invert reading is made. 

17 DBTBRMINATION OF SUCROSB AND RAFFINOSB.-OFFICIAL. 

(Of value chiefly in the analysis of beet products.) 

If the direct reading is more than 1** higher than the per cent of sucrose as cal- 
culated by the formula given under 14, raffinose is probably present. Calciilate 
sucrose and raffinose by the following formula of Herzfeld: 
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^ 0.6124 P-I „ P-S . ,. , 

8 = r-rzr — ; R ■■ -tttt ^^ which 

0.839 1.852 

P s direct reading normal solution; 
I a invert reading normal solution; 
S — per cent of sucrose; 
R s per cent of anhydrous raffinose. 

The above formula assumes that the polarizations are made at exactly 20°C. 
If the temperature (T) is other than 20^C., the following formula should be used: 

^ P (0.4724 + 0.002 T)- I 
Having calculated S, then R - 



0.899- 0.003 T 
P-S 



1.852 

CHEMICAL METHODS, 

1 8 DSTBBMni ATIOir OF SUCROSB FROM RBDUCnf G SUGARS BBFORB AlCD AFTER 

IHVERSION.— TBNTATIVB. 

Determine the reducing sugars (clarification having been effected with neutral 
lead acetate, never with basic lead acetate), as directed under 25, and calculate to 
invert sugar from 27. Invert the solution as directed under 14 or 16, exactly 
neutralise the acid, and again determine the reducing sugars, but calculate them 
to invert sugar from the same table as referred to above, using the invert sugar 
column alone. Deduct the percentage of invert sugar obtained before inversion 
from that obtained after inversion, and multiply the difference by 0.95, the result 
being the i>er cent of sucrose. The solutions should be diluted in both determina- 
tions so that not more than 245 mg. of invert sugar are present in the amount 
taken for reduction. It is important that all lead be removed from the solution 
with potassium oxalate before reduction. 

Reducing Sugars. 

INVERT SUGAR. 
Approximate Volumetric Method for Rapid Work. — Tentative. 

19 REAGENT. 

SoxhleVs Modification of Fehling*8 SoltUion, — Prepare by mixing, immediately 
before use, equal volumes of (a) and (b). 

(a) Copper sulphate solution. — Dissolve 34.639 grams of copper sulphate (CuSO^ 
5HsO) in water, dilute to 500 cc. and filter through prepared asbestos. 

(b) Alkaline tartrate soluiion. — ^Dissolve 173 grams of Rochelle salts and 5Q grams 
of sodium hydroxid in water, dilute to 500 cc, allow to stand for 2 days and filter 
through prepared asbestos. 

20 BTANDABDIZATION OF COPFEB SOLUTION. 

Since the factor of calculation varies with the minute details of manipulation, 
every operator must determine a factor for himself, using a known solution of the 
pure sugar that he desires to determine, and keeping the conditions the same as 
those used for the determination. 
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Standardize the solution for invert sugar in the following manner: 
Dissolve 4.75 grams of pure sucrose in 75 cc. of water, add 5 cc. of hydrochloric 
acid (sp. gr. 1.20) and invert as directed under 1 4. Neutralise the acid with sodium 
hydrozid solution and dilute to 1 liter. Ten cc. of this solution contain 0.060 gram of 
invert sugar, which should reduce 10 cc. of the reagent. The strength of the copper 
solution should never be taken as a constant, but should be checked against the 
sugar. 



21 



DETXBMINATION. 



Place 10 cc. of the reagent in a large test tube and add 10 cc. of water. Heat to 
boiling, and add gradually small portions of the solution of the material to be tested 
until the copper has been completely reduced, boiling after each addition to com- 
plete the reaction. Two minutes' boiling is required for complete reduction when 
the full amount of sugar solution has been added in one portion. When the end 
is nearly reached and the amount of sugar solution to be added can no longer be 
judged by the color of the solution, remove a small portion of the liquid and filter 
rapidly into a small porcelain crucible or on a test plate; acidify with dilute acetic 
acid, and test for copper with dilute potassium ferrocyanid solution. The sugar 
solution should be of such strength as will give a burette reading of 15-20 cc, and 
the number of successive additions should be as small as possible. 

Soxhlet Volumetric Method.^TerUaHve. 

22 RBAOaNT. 

The reagent used is described under 19. 

23 DBTBBMINATZON. 

Make a preliminary titration to determine the approximate percentage of reduc* 
ing sugar in the material under examination. Prepare a solution which contains 
approximately 1% of reducing sugar. Place in a beaker 100 cc. of the reagent and 
approximately the amount of the sugar solution for its complete reduction. Boil 
for 2 minutes. Filter through a folded filter and test a portion of the filtrate for 
copper by use of dilute acetic acid and dilute potassium ferrocyanid solution. Re* 
peat, varying the volume of sugar solution, until 2 successive amounts are found 
which differ by 0.1 cc, one giving complete reduction and the other leaving a small 
amount of copper in solution. The mean of these 2 readings is taken as the volume 
of the solution required for the complete precipitation of 100 cc of the reagent. 

Under these conditions 100 cc of the reagent require 0.494 gram of invert sugar 
for complete reduction. Calculate the percentage by the following formula: 

V » the volume of the sugar solution required for the complete reduction of 

100 cc. of the reagent; 

W a the weight of the sample in 1 cc. of the sugar solution; 

100X0.494 ... 

===== =■ per cent of invert sugar. 

GRAVIMETRIC METHODS. 
Munaon and Walker General Method,* — Tentative, 

24 BEAQBNTS. 

(a) Asheetos. — Digest the asbestos, which should be the amphibole variety, with 
dilute hydrochloric acid (1 to 3) for 2--3 days. Wash free from acid, digest for a 
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similar period with 10% sodium hydroxid solution, and then treat for a few hours 
with hot alkaline tartrate solution (old alkaline tartrate solutions that have stood 
for some time may be used for this purpose) of the strength employed in sugar de- 
terminations. Then wash the asbestos free from alkali, digest for several hours 
with dilute nitric acid (1 to 3) and, after washing free from acid, shake with water 
into a fine pulp. In preparing the Gooch crucible, make a film of asbestos i inch 
thick and wash thoroughly with water to remove fine particles of asbestos. If the 
precipitated cuprous oxid is to be weighed as such, wash the crucible with 10 cc. of 
alcohol, then with 10 cc. of ether, dry for 30 minutes at lOO^'C, cool in a desiccator 
and weigh. 

(b) The solution used is described under 19. 

25 PRECIPITATION OF CUPROUB OXID. 

Transfer 25 cc. each of the copper sulphate and alkaline tartrate solutions to a 
400 cc. beaker of alkali-resisting glass and add 50 cc. of reducing sugar solution, or, 
if a smaller volume of sugar solution is used, add water to make the final volume 
100 cc. Heat the beaker upon an asbestos gause over a Bunsen burner, regulate the 
flame so that boiling begins in 4 minutes, and continue the boiling for exactly 2 
minutes. (It is important that these directions be strictly observed and, in order 
to regulate the burner for this purpose, it is advisable to make preliminary tests, 
using 50 cc. of the reagent and 50 cc. of water before proceeding with the actual 
determination.) Keep the beaker covered with a watch glass during the heating. 
Filter the cuprous oxid at once on an asbestos mat in a porcelain Gooch crucible, 
using suction. Wash the cuprous oxid thoroughly with water at a temperature of 
about 60*C., and either weigh directly as cuprous oxid as in 26, or, determine the 
amount of reduced copper by one of the methods under 29-34, respectively. Con- 
duct a blank determination, using 50 cc. of the reagent and 50 cc. of water, and, if 
the weight of cuprous oxid obtained exceeds 0.5 mg., correct the result of the reducing 
sugar determination accordingly. The alkaline tartrate solution deteriorates on 
standing and the amount of cuprous oxid obtained in the blank increases. 

Dbtbbminatzon OF Reduced Copfeb. 

26 7. Direct Weighing of Cuprous Oxid, — Tentatitfe, 

Prepare a Gooch as directed under 24 (a). 

Collect the precipitated cuprous oxid on the mat, as directed under 25, wash 
thoroughly with hot water, then with 10 cc. of alcohol, and finally with 10 cc. of 
ether. Dry the precipitate for 30 minutes in a water oven at the temperature of 
boiling water; cool and weigh. Calculate the weight of metallic copper. Obtain 
from 27 the weight of invert sugar equivalent to the weight of copper found. 

This method should be used only for determinations in pure sugar solutions. In 
all other products the copper of the cuprous oxid should be determined by one of the 
following methods, since the cuprous oxid is very apt to be contaminated with 
•foreign matter. 

The number of milligrams of copper reduced by a given amount of reducing sugar 
differs when sucrose is present and when it is absent. In the tables the absence of 
sucrose is assimied except in the two columns imder invert sugar, where one for 
mixtures of invert sugar and sucrose containing 0.4 gram of total sugar in 50 cc. of 
solution, and one for invert sugar and sucrose when the 50 cc. of solution contains 2 
grams of total sugar are given, in addition to the column for invert sugar alone. 
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Table 1.— Munson and Walker's Table. 



Fcfr calctUating dextrose, invert sitgar alone, invert sugar in the presence of sucrose 
(04 gram and B grams total sugar), lactose (two forms), and maltose (anhydrous and 
crystallized). 

(Expreaaed in milligrams.) 
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1 


1 
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O 
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k 
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a 




1 

6 


o 




10 


8.9 


4.0 


4.5 


1.0 




3.8 


4.0 


6.9 


0.2 


10 


11 


9.8 


4.6 


6.0 


2.1 




4.6 


4.7 


0.7 


7.0 


11 


12 


10.7 


4.9 


6.4 


2.5 




5.1 


6.4 


7.6 


7.9 


12 


13 


11.6 


5.3 


6.8 


3.0 




6.8 


0.1 


8.3 


8.7 


13 


U 


12.4 


6.7 


0.3 


3.4 




0.4 


0.8 


9.1 


9.6 


14 


16 


13.3 


0.2 


0.7 


3.9 




7.1 


7.5 


9.9 


10.4 


16 


le 


14.2 


0.0 


7.2 


4.3 




7.8 


8.2 


10.0 


11.2 


10 


17 


15.1 


7.0 


7.0 


4.8 




8.4 


8.9 


11.4 


12.0 


17 


18 


10.0 


7.6 


8.1 


6.2 




9.1 


9.6 


12.2 


12.9 


18 


19 


10.9 


7.9 


8.5 


6.7 




9.7 


10.2 


13.0 


13.7 


19 


20 


17.8 


8.3 


8.9 


0.1 




10.4 


10.9 


13.8 


14.0 


20 


21 


18.7 


8.7 


9.4 


0.0 




11.0 


11.0 


14.0 


16.4 


21 


22 


19.6 


9.2 


9.8 


7.0 




11.7 


12.3 


15.4 


10.2 


22 


23 


20.4 


9.0 


10.3 


7.6 




12.3 


13.0 


10.2 


17.1 


23 


24 


21.3 


10.0 


10.7 


7.9 




13.0 


13.7 


17.0 


17.9 


24 


2i 


22.2 


10.6 


11.2 


8.4 




13.7 


14.4 


17.8 


18.7 


25 


20 


23.1 


10.9 


11.0 


8.8 




14.3 


15.1 


18.0 


19.0 


20 


27 


24.0 


11.3 


12.0 


9.3 




16.0 


16.8 


19.4 


20.4 


27 


28 


24.9 


11.8 


12.6 


9.7 




15.0 


10.6 


20.2 


21.2 


28 


20 


26.8 


12.2 


12.9 


10.2 




16.3 


17.1 


21.0 


22.1 


29 


30 


20.0 


12.0 


13.4 


10.7 


4.3 


16.9 


17.8 


21.8 


22.9 


30 


31 


27.6 


13.1 


13.8 


11.1 


4.7 


17.0 


18.6 


22.0 


23.7 


31 


32 


28.4 


13.6 


14.3 


11.0 


6.2 


18.3 


19.2 


23.3 


34.0 


n 


33 


29.3 


13.9 


14.7 


12.0 


6.0 


18.9 


19.9 


24.1 


25.4 


33 


34 


30.2 


14.3 


15.2 


12.6 


0.1 


19.0 


20.0 


24.9 


20.2 


34 


35 


31.1 


14.8 


15.0 


12.9 


0.6 


20.2 


21.3 


25.7 


27.1 


36 


30 


32.0 


15.2 


10.1 


13.4 


7.0 


20.9 


22.0 


20.6 


27.9 


30 


37 


32.9 


16.0 


10.6 


13.8 


7.4 


21.6 


22.7 


27.3 


28.7 


37 


38 


33.8 


10.1 


10.9 


14.3 


7.9 


22.2 


23.4 


28.1 


29.0 


38 


39 


34.0 


10.6 


17.4 


14.7 


8.4 


22.8 


34.1 


28.9 


30.4 


39 


40 


35.5 


10.9 


17.8 


15.2 


8.8 


23.6 


24.8 


29.7 


31.3 


40 


41 


30.4 


17.4 


18.3 


15.0 


9.3 


24.2 


25.4 


30.6 


32.1 


41 


42 


37.8 


17.8 


18.7 


10.1 


9.7 


24.8 


20.1 


31.3 


32.9 


42 


43 


38.2 


18.2 


19.2 


10.0 


10.2 


25.5 


20.8 


32.1 


33.8 


43 


44 


39.1 


18.7 


19.0 


17.0 


10.7 


20.1 


27.5 


32.9 


34.0 


44 


45 


40.0 


19.1 


20.1 


17.6 


11.1 


20.8 


28.2 


33.7 


35.4 


45 


40 


40.9 


19.0 


20.5 


17.9 


11.6 


27.4 


28.9 


34.4 


30.3 


40 


47 


41.7 


20.0 


21.0 


18.4 


12.0 


28.1 


29.0 


35.2 


37.1 


47 


48 


42.0 


20.4 


21.4 


18.8 


12.5 


28.7 


30.3 


m 


37.9 


48 


49 


43.6 


20.9 


21.9 


19.3 


12.9 


29.4 


31.0 


38.8 


49 


60 


44.4 


21.3 


22.3 


19.7 


13.4 


30.1 


31.7 


37.0 


39.0 


50 


61 


45.3 


21.7 


22.8 


20.2 


13.9 


30.7 


32.4 


38.4 


40.4 


61 


62 


40.2 


22.2 


23.2 


20.7 


14.3 


31.4 


330 


39.2 


41.3 


52 


53 


47.1 


22.0 


23.7 


21.1 


14.8 


32.1 


33.7 


40.0 


42.1 


53 


54 


48.0 


23.0 


24.1 


21.0 


15.2 


32.7 


34.4 


40.8 


42.9 


54 


65 


48.9 


23.5 


24.0 


22.0 


15.7 


33.4 


35.1 


41.0 


43.8 


66 


50 


49.7 


23.9 


25.0 


22.5 


16.2 


34.0 


35.8 


42.4 


44.0 


60 


57 


50.8 


24.3 


25.5 


22.9 


16.6 


34.7 


36.6 


43.2 


45.4 


67 


58 


51.5 


24.8 


25.9 


23.4 


17.1 


35.4 


37.2 


44.0 


40.3 


68 


59 


52.4 


25.2 


20.4 


23.9 


17.5 


36.0 


37.9 


44.8 


47.1 


69 


60 


53.3 


25.0 


20.8 


24.3 


18.0 


36.7 


38.0 


45.0 


48.0 


00 


01 


54.2 


20.1 


27.3 


24.8 


18.5 


37.3 


39.3 


40.3 


48.8 


01 


02 


55.1 


26.5 


27.7 


25.2 


18.9 


38.0 


40.0 


47.1 


49.0 


02 


03 


56.0 


27.0 


28.2 


25.7 


19.4 


38.0 


40.7 


47.9 


50.5 


03 


04 


50.8 


27.4 


28.0 


20.2 


19.8 


39.3 


41.4 


48.7 


51.3 


04 
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27 Table l.— Munson and Walker-s Table.— Continued. 

[Expressed in milligrams.] 
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? 


es 


57.7 


37.8 


29.1 


36.6 


30.3 


40.0 


43.1 








M 


68.6 


38.8 


39.5 


37.1 


30.8 


40.6 


43.8 








67 


59.5 


38.7 


30.0 


37.5 


21.2 


^1.3 


43.5 








68 


60.4 


29.3 


80.4 


28.0 


21.7 


41.9 


44.3 








69 


61.8 


39.6 


30.9 


38.6 


23.3 


43.6 


44.8 








70 


63.3 


30.0 


81.8 


38.9 


33.6 


43.3 


45.6 








71 


63.1 


30.5 


31.8 


29.4 


33.1 


43.9 


46.3 








n 


64.0 


30.9 


33.3 


30.8 


23.5 


44.6 


46.9 








78 


64.8 


31.4 


33.7 


30.3 


24.0 


45.3 


47.6 








74 


65.7 


31.8 


33.3 


80.8 


24.5 


45.9 


48.8 








76 


66.6 


32.3 


83.6 


31.3 


24.9 


46.6 


49.0 








76 


67.5 


33.7 


84.1 


81.7 


26.4 


47.3 


49.7 








77 


68.4 


33.1 


84.6 


33.1 


35.9 


47.9 


50.4 


59.0 


63.1 


77 


78 


69.3 


33.6 


85.0 


33.6 


36.3 


48.6 


61.1 


59.8 


63.0 


78 


79 


70.3 


34.0 


85.4 


83.1 


36.8 


49.3 


51.8 


60.6 


63.8 


79 


80 


71.1 


34.4 


85.9 


33.5 


37.3 


49.9 


53.6 


61.4 


64.6 


80 


81 


71.9 


34.9 


36.3 


34.0 


37.7 


50.5 


53.3 


63.3 


65.5 


81 


83 


73.8 


85.3 


36.8 


34.6 


38.3 


51.3 


63.9 


63.0 


66.3 


83 


83 


73.7 


35.8 


87.8 


84.9 


38.6 


51.8 


54.6 


63.8 


67.1 


88 


84 


74.6 


36.3 


37.7 


85.4 


39.1 


63.6 


66.3 


64.6 


68.0 


84 


88 


75.5 


36.7 


38.3 


85.8 


39.6 


53.1 


66.0 


66.4 


68.8 


86 


86 


76.4 


87.1 


38.6 


36.3 


30.0 


53.8 


66.6 


66.3 


69.7 


86 


87 


77.3 


87.5 


39.1 


36.8 


30.6 


54.5 


67.3 


67.0 


70.6 


87 


88 


78.3 


38.0 


89.6 


87.3 


31.0 


56.1 


68.0 


67.8 


71.3 


88 


80 


79.1 


38.4 


40.0 


87.7 


31.4 


55.8 


58.7 


68.6 


73.3 


80 


90 


79.9 


88.9 


40.4 


88.3 


81.9 


66.4 


69.4 


69.8 


73.0 


90 


91 


80.8 


89.3 


40.9 


88.6 


83.4 


67.1 


60.1 


70.1 


73.8 


91 


98 


81.7 


89.8 


41.4 


89.1 


33.8 


67.8 


60.8 


70.9 


74.7 


93 


w. 


83.6 


402 


41 8 


39.6 


33.8 


58.4 


61.5 


71.7 


7V5 


98 


94 


83.5 


40.6 


43.3 


40.0 


83.8 


69.1 


63.3 


73.5 


76.3 


94 


95 


84.4 


41.1 


43.7 


40.5 


84.3 


59.7 


63.9 


73.8 


77.3 


96 


96 


85.3 


41.5 


43.3 


41.0 


34.7 


60.4 


63.6 


74.1 


78.0 


96 


97 


86.3 


43.0 


43.7 


41.4 


85.3 


61.1 


64.8 


74.9 


78.8 


97 


98 


87.1 


43.4 


44.1 


41.9 


85.6 


61.7 


65.0 


75.7 


79.7 


98 


99 


87.9 


43.9 


44.6 


43.4 


36.1 


63.4 


66.7 


76.6 


80.5 


99 


100 


88.8 


43.3 


45.0 


43.8 


36.6 


63.0 


66.4 


77.3 


81.8 


100 


101 


89.7 


43.8 


45.5 


43.3 


37.0 


63.7 


67.1 


78.1 


82.2 


101 


103 


90.6 


44.3 


46.0 


43.8 


37.6 


64.4 


67.8 


78.8 


83.0 


103 


103 


91.5 


44.7 


46.4 


44.3 


38.0 


65.0 


68.6 


79.6 


83.8 


103 


104 


93.4 


45.1 


46.9 


44.7 


38.5 


65.7 


69.1 


80.4 


84.7 


104 


105 


93.3 


45.5 


47.3 


45.3 


38.9 


66.4 


69.8 


81.3 


85.5 


106 


106 


94.3 


46.0 


47.8 


45.6 


39.4 


67.0 


70.5 


83.0 


80.3 


106 


107 


95.0 


46.4 


48.3 


46.1 


39.9 


67.7 


71.3 


83.8 


87.3 


107 


108 


95.9 


46.9 


48.7 


46.6 


40.3 


68.3 


71.9 


83.6 


88.0 


106 


109 


96.8 


47.3 


49.3 


47.0 


40.8 


69.0 


72.6 


84.4 


88.8 


109 


110 


97.7 


47.8 


49.6 


47.5 


41.3 


69.7 


73.3 


85.3 


89.7 


110 


111 


98.6 


48.3 


50.1 


48.0 


41.7 


70.3 


74.0 


86.0 


90.5 


111 


113 


99.5 


48.7 


50.6 


48.4 


42.3 


71.0 


74.7 


86.8 


91.3 


113 


113 


100.4 


49.1 


51.0 


48.9 


42.7 


71.6 


75.4 


87.6 


92.2 


113 


114 


101.3 


49.6 


51.5 


49.4 


43.3 


73.3 


76.1 


88.4 


93.0 


114 


116 


102.3 


50.0 


51.9 


49.8 


43.6 


73.0 


76.8 


89.3 


93.9 


115 


116 


103.0 


50.5 


52.4 


50.3 


44.1 


73.6 


77.5 


90.0 


94.7 


116 


117 


103.9 


50.9 


62.9 


50.8 


44.6 


74.3 


78.2 


90.7 


95.5 


117 


118 


104.8 


51.4 


53.3 


51.3 


45.0 


75.0 


78.9 


91.5 


96.4 


118 


119 


106.7 


51.8 


53.8 


61.7 


45.5 


75.6 


79.6 


93.3 


97.2 


119 
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Table 1.— Munson and Walker's Table.— ^Dontinued. 

(EzpraMed in miUicrmnu.) 
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122.0 


125.9 


124.6 


118.5 


175.5 


184.7 


211.0 


222.1 


269 


270 


239.8 


122.5 


126.4 


125.1 


119.0 


176.1 


185.4 


211.8 


223.0 


270 


271 


240.7 


122.9 


126.9 


125.6 


119.5 


176.8 


186.1 


212.6 


223.8 


271 


272 


241.6 


123.4 


127.4 


126.2 


120.0 


177.5 


186.8 


213.4 


224.6 


272 


273 


242.5 


123.9 


127.9 


126.7 


120.6 


178.1 


187.5 


214.2 


225 5 


273 


274 


243.4 


124.4 


128.4 


127.2 


121.1 


178.8 


188.2 


215.0 


226.3 


274 


275 


244.3 


124.9 


128.9 


127.7 


121.6 


179.5 


188.9 


215.8 


227.1 


275 


276 


245.2 


125.4 


129.4 


128.2 


122.1 


180.2 


189.6 


216.6 


228.0 


276 


277 


246.1 


125.9 


129.9 


128.7 


122.6 


180 8 


190.3 


217.4 


2288 


277 


278 


246.9 


126.4 


130.4 


129.2 


123.1 


181.5 


191.0 


218.2 


2296 


278 


270 


247.8 


126.9 


130.9 


129.7 


123.6 


182.2 


191.7 


218.0 


230.5 


279 


280 


248.7 


127.3 


131.4 


130.2 


124.1 


182.8 


192.4 


210.7 


231.3 


280 


281 


249.6 


127.8 


131 9 


130.7 


124.6 


183.5 


193 1 


220.5 


232 1 


281 


282 


250.5 


128.3 


132.4 


131.2 


125.1 


184.2 


193.9 


221.3 


2330 


282 


283 


251.4 


128.8 


132.9 


131.7 


125.6 


184.8 


194.6 


222.1 


233 8 


283 


284 


252.3 


129.3 


133.4 


132.2 


126.1 


185.5 


195.3 


222.9 


2346 


284 
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386 


353.2 


120.8 


183.9 


132.7 


126.6 


186.2 


196.0 


223.7 


235.5 


286 


2M 


254.0 


130.3 


134.4 


133.2 


127.1 


186.9 


196.7 


224.5 


236.3 


286 


S87 


254.0 


130.8 


134.9 


133.7 


127.6 


187.5 


197.4 


225.3 


237.1 


287 


388 


255.8 


131.3 


135.4 


134.3 


128.1 


188.2 


198.1 


226.1 


238.0 


288 


380 


350.7 


131.8 


135.9 


134.8 


128.6 


188.9 


198.8 


226.9 


238.8 


288 


3B0 


267.6 


132.3 


136.4 


135.3 


129.2 


180.5 


199.5 


227.6 


230.6 


290 


»i 


258.5 


132.7 


136.9 


135.8 


129.7 


190.2 


200.2 


228.4 


240.5 


891 


n% 


250.4 


133.2 


137.4 


136.3 


130.2 


190.9 


200.9 


229.2 


241.3 


892 


388 


200.3 


133.7 


137.9 


136.8 


130.7 


191.5 


201.6 


230.0 


342.1 


293 


884 


201.2 


134.2 


138.4 


137.3 


131.2 


192.2 


202.3 


230.8 


242.9 


294 


385 


262.0 


134.7 


138.9 


137.8 


131.7 


192.9 


203.0 


231.6 


243.8 


296 


388 


262.0 


135.2 


139.4 


138.3 


132.2 


193.6 


203.7 


232.4 


244.6 


290 


387 


263.8 


135.7 


140.0 


138.8 


132.7 


194.2 


204.4 


233.2 


245.4 


297 


388 


264.7 


136.2 


140.5 


139.4 


133.2 


194.9 


205.1 


234.0 


246.3 


296 


380 


265.6 


136.7 


141.0 


139.9 


133.7 


195.6 


205.8 


234.8 


247.1 


299 


800 


266.5 


1372 


141.5 


140.4 


134.2 


196.2 


206.6 


235.5 


247.9 


300 


801 


267.4 


137.7 


142.0 


140.9 


134.8 


196.9 


207.3 


236.3 


248.8 


301 


808 


268.3 


138.2 


142.5 


141.4 


135.3 


197.6 


208.0 


237.1 


249.6 


302 


808 


260.1 


138.7 


143.0 


141.9 


135.8 


198.3 


206.7 


237.9 


250.4 


303 


80« 


270.0 


139.2 


143.6 


143.4 


136.3 


198.9 


209.4 


238.7 


251.3 


804 


806 


270.0 


139.7 


144.0 


142.9 


136.8 


199.6 


210.1 


239.5 


252.1 


806 


806 


271.8 


140.2 


144.5 


143.4 


137.3 


200.3 


210.8 


240.3 


252.9 


300 


807 


272.7 


140.7 


145.0 


144.0 


137.8 


201.0 


211.5 


241.1 


253.8 


307 


808 


273.6 


141.2 


145.5 


144.5 


138.3 


201.6 


212.2 


241.9 


254.6 


308 


808 


274.5 


141.7 


146.1 


145.0 


138.8 


202.3 


212.9 


242.7 


255.4 


800 


810 


275.4 


142.2 


146.6 


145.5 


139.4 


203.0 


213.7 


243.5 


256.3 


310 


811 


276.8 


142.7 


147 1 


146.0 


139.9 


203.6 


214.4 


344.2 


257.1 


811 


813 


277.1 


143.2 


147.6 


146.5 


140.4 


204.3 


215.1 


245.0 


257.9 


312 


813 


278.0 


143.7 


148.1 


147.0 


140.9 


205.0 


215.8 


245.8 


258.8 


313 


814 


278.0 


144.2 


148.6 


147.6 


141.4 


205.7 


216.5 


246.6 


258.6 


314 


816 


378.8 


144.7* 


149.1 


148.1 


141.9 


206.3 


217.2 


247.4 


260.4 


315 


810 


280.7 


145.2 


149.6 


148.6 


142.4 


207.0 


217.9 


248.2 


261.2 


816 


817 


281.6 


145.7 


150.1 


149.1 


143.0 


207.7 


218.6 


249.0 


262.1 


817 


818 


282.5 


146.2 


150.7 


149.6 


143.5 


208.4 


219.3 


249.8 


262.9 


318 


818 


283.4 


146.7 


151.2 


150.1 


144.0 


209.0 


220.0 


250.6 


263.7 


819 


830 


284.2 


147.2 


151.7 


160.7 


144.5 


209.7 


220.7 


251.3 


264.6 


820 


831 


285.1 


147.7 


152.2 


151.2 


145.0 


210.4 


221.4 


252.1 


265.4 


321 


833 


286.0 


148.2 


152.7 


151.7 


145.5 


211.0 


222.2 


252.9 


266.2 


322 


833 


286.8 


148.7 


153.2 


152.2 


146.0 


211.7 


222.9 


263.7 


267.1 


323 


834 


287.8 


148.2 


153.7 


152.7 


146.6 


212.4 


223.6 


254.5 


367.9 


824 


835 


288.7 


149.7 


154.3 


153.2 


147.1 


213.1 


224.3 


255.3 


268.7 


325 


820 


289.6 


150.2 


154.8 


153.8 


147.6 


213.7 


225.0 


256.1 


269.6 


326 


837 


280.5 


160.7 


155.3 


154.3 


148.1 


214.4 


225.7 


256.9 


270.4 


327 


838 


291.4 


151.2 


155.8 


154.8 


148.6 


215.1 


226.4 


257.7 


271.2 


328 


838 


202.2 


151.7 


156.3 


155.3 


148.1 


215.8 


227.1 


258.5 


272.1 


820 


830 


293.1 


152.2 


156.8 


155.8 


149.7 


216.4 


227.8 


259.3 


272.9 


330 


881 


294.0 


152.7 


157.3 


156.4 


1502 


217.1 


228.5 


260.0 


273.7 


331 


833 


294.9 


153.2 


157.9 


156.9 


150.7 


217.8 


229.2 


260.8 


274.6 


332 


833 


295.8 


153.7 


158.4 


157.4 


151.2 


218.4 


230.0 


261.6 


275 4 


333 


884 


286.7 


154.2 


158.9 


157.9 


151.7 


219.1 


230.7 


262.4 


276.2 


334 


335 


297.6 


154.7 


159.4 


158.4 


152.3 


219.8 


231.4 


263.2 


277.0 


335 


336 


298.5 


155.2 


159.9 


1.59.0 


152.8 


220.5 


232.1 


264.0 


277.9 


336 


337 


299.3 


156.8 


160.5 


160.5 


153.3 


221.1 


232.8 


264.8 


278.7 


337 


838 


300.2 


156.3 


161.0 


160.0 


153.8 


221.8 


233.5 


265.6 


279.5 


338 


888 


801.1 


156.8 


161.5 


160.5 


154.3 


222.5 


234.2 


266.4 


280.4 


339 
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340 


802.0 


157.8 


103.0 


101.0 


154.8 


233.2 


234.9 


307.1 


281.3 


840 


841 


302.9 


157.8 


102.5 


101.0 


155.4 


223.8 


235.0 


207.9 


382.0 


341 


342 


803.8 


158.3 


103.1 


102.1 


155.9 


824.5 


230.3 


208.7 


282.9 


348 


343 


804.7 


158.8 


103.0 


102.0 


150.4 


225.2 


237.0 


200.5 


283.7 


343 


344 


305.0 


159.3 


104.1 


103.1 


150.9 


225.9 


237.8 


270.3 


284.5 


344 


345 


300.5 


159.8 


104.0 


103.7 


157.5 


220.5 


238.5 


371.1 


285.4 


346 


34« 


307.3 


100.8 


105.1 


104.2 


158.0 


227.2 


239.2 


271.9 


280.2 


8« 


347 


308.2 


100.8 


106.7 


104.7 


158.5 


227.9 


239.9 


272.7 


287.0 


347 


348 


309.1 


101.4 


100.2 


105.2 


159.0 


228.5 


240.0 


273.5 


287.9 


840 


349 


310.0 


101.9 


100.7 


105.7 


159.5 


229.2 


241.8 


274.3 


288.7 


8« 


850 


810.9 


102.4 


107.2 


100.3 


100.1 


229.9 


242.0 


275.0 


289.5 


380 


851 


811.8 


102.9 


107.7 


100.8 


100.0 


380.0 


342.7 


275.8 


2904 


851 


353 


312.7 


103.4 


108.8 


107.8 


101.1 


231.2 


243.4 


270.0 


291.2 


863 


858 


313.0 


103.9 


108.8 


107.8 


181.0 


231.9 


844.1 


277.4 


292.0 


353 


854 


314.4 


104.4 


109.3 


108.4 


102.2 


232.0 


344.8 


278.2 


392.8 


364 


855 


315.3 


104.9 


109.8 


108.9 


102.7 


233.3 


345.0 


279.0 


393.7 


355 


850 


310.2 


105.4 


170.4 


109.4 


103.2 


233.9 


240.3 


279.8 


394.5 


' 355 


357 


317.1 


100.0 


170.9 


170.0 


103.7 


234.0 


347.0 


280.0 


295.3 


857 


358 


318.0 


100.5 


171.4 


170.5 


104.3 


235.3 


247.7 


281.4 


290.2 


858 


389 


318.9 


107.0 


171.9 


171.0 


104.8 


230.0 


248.4 


382.2 


297.0 


380 


300 


819.8 


107.5 


172.5 


171.5 


105.3 


230.7 


249.1 


282.9 


897.8 


860 


301 


380.7 


108.0 


173.0 


172.1 


105.8 


237.3 


249.8 


283.7 


298.7 


361 


302 


321.0 


108.5 


173.5 


172.0 


100.4 


238.0 


250.5 


384.5 


299.5 


808 


303 


322.4 


109.0 


174.0 


173.1 


100.9 


238.7 


251.2 


285.8 


800.8 


803 


304 


323.8 


109.0 


174.0 


178.7 


107.4 


289.4 


252.0 


380.1 


301.3 


304 


305 


834.2 


170.1 


175.1 


174.2 


107.9 


840.0 


252.7 


380.9 


303.0 


805 


800 


825.1 


170.0 


175.0 


174.7 


108.5 


240.7 


253.4 


887.7 


308.8 


860 


307 


820.0 


171.1 


170.1 


175.2 


109.0 


241.4 


254.1 


888.5 


303.0 


807 


308 


320.9 


171.0 


170.7 


175.8 


109.5 


242.1 


254.8 


889.8 


804.5 


858 


809 


827.8 


172.1 


177.2 


170.3 


170.0 


342.7 


255.5 


290.0 


306.8 


860 


370 


328.7 


172.7 


177.7 


170.8 


170.0 


243.4 


350.2 


290.8 


800.1 


879 


371 


339.5 


173.2 


178.3 


177.4 


171.1 


244.1 


350.9 


291.0 


307.0 


871 


378 


3304 


173.7 


178.8 


177.9 


171.0 


244.8 


257.7 


292.4 


307.8 


873 


873 


331.3 


174.2 


179.8 


178.4 


172.2 


245.4 


258.4 


203.2 


308.0 


873 


374 


332.3 


174.7 


179.8 


179.0 


172.7 


240.1 


259.1 


294.0 


300.5 


874 


375 


333.1 


175.3 


180.4 


179.5 


173.2 


240.8 


259.8 


294.8 


310.8 


876 


370 


834.0 


175.8 


180.9 


180.0 


173.7 


247.5 


200.5 


395.0 


811.1 


370 


877 


384.9 


170.8 


181.4 


180.0 


174.3 


248.1 


201.2 


290.4 


312.0 


on 


878 


385.8 


170.8 


182.0 


181.1 


174.8 


248.8 


201.9 


297.2 


313.8 


878 


879 


338.7 


177.8 


182.5 


181.0 


175.3 


249.5 


902.0 


297.9 


813.0 


879 


380 


337.5 


177.9 


188.0 


182.1 


175.9 


350.2 


203.4 


298.7 


314.5 


880 


381 


338.4 


178.4 


183.0 


182.7 


170.4 


250.8 


204.1 


299.5 


315.8 


381 


883 


339.8 


178.9 


184.1 


1S3.2 


170.9 


251.5 


204.8 


300.8 


310.1 


883 


383 


340.2 


179.4 


184.0 


183.8 


177.5 


252.2 


205.5 


301.1 


310.9 


388 


384 


341.1 


180.0 


185.2 


184.8 


178.0 


252.9 


200.2 


301.9 


317.8 


884 


385 


342.0 


180.5 


185.7 


184.8 


178.5 


253.0 


200.9 


802.7 


318.0 


386 


880 


342.9 


181.0 


180.2 


185.4 


179.1 


254.2 


207.0 


808.5 


319.4 


386 


387 


843.8 


181.5 


180.8 


185.9 


179.0 


254.9 


208.3 


304.2 


320.3 


887 


388 


344.0 


182.0 


187.8 


180.4 


180.1 


255.0 


389.0 


805.0 


321.1 


888 


889 


345.5 


182.0 


187.8 


187.0 


180.0 


250.8 


309.8 


805.8 


321.9 


389 


890 


340.4 


183.1 


188.4 


187.5 


181.2 


250.9 


370.5 


300.0 


822.8 


390 


391 


347.3 


183.0 


188.9 


188.0 


181.7 


257.0 


271.2 


307.4 


328.0 


381 


393 


348.2 


184.1 


189.4 


188.8 


182.3 


258.3 


271.9 


308.2 


324.4 


892 


893 


349.1 


184.7 


190.0 


189.1 


182.8 


259.0 


272.0 


809.0 


326.2 


393 


894 


350.0 


185.2 


190.5 


189.7 


183.3 


259.0 


273.3 


809.8 


320.1 


394 
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185.7 
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360.3 


374.0 
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336.9 
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9M 


351.8 


186.3 


191.6 


190.7 
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361.0 


374.7 


311.4 


337.7 


396 


M7 
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193.1 
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184.9 


261.7 
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8W 
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187.3 
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185.5 
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363.0 
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193.4 
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378.3 


315.3 
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401 
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180.4 
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194.0 


187.6 


365.0 


379.0 


316.1 


333.7 


403 


403 


858.0 


189.9 


195.4 


194.5 


188.1 


365.7 


379.7 


316.9 


333.6 


403 


404 


858.0 


190.5 


195.9 


195.0 


188.7 


366.4 


380.4 


317.7 


834.4 


404 


405 


850.7 


191.0 


196.4 


195.6 


180.2 


367.1 


381.1 


318.5 


335.3 


405 


406 


860.6 


191.5 


197.0 


196.1 


189.8 


2678 


381.9 


819.2 


336.0 


406 


407 


861.5 


193.1 


197.5 


196.7 


190.3 


368.4 


383.6 


830.0 


836.9 


407 


40B 


863.4 


193.6 


198.1 


197.3 


190.8 


260.1 


383.3 


830.8 


337.7 


408 


400 


363.3 


193.1 


198.6 


197.7 


191.4 


360.8 


384.0 


331.6 


338.5 


409 


410 


364.2 


103.7 


199.1 


198.3 


191.9 


870.5 


384.7 


333.4 


839.4 


410 


411 


365.1 


194.3 


199.7 


198.8 


193.5 


871.3 


385.4 


333.3 


840.3 


411 


412 


366.0 


194.7 


300.3 


199.4 


193.0 


371.8 


386.3 


334.0 


341.0 


413 
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866.0 


195.2 


300.8 


199.9 


193.5 


272.5 


386.9 


324.8 


341.9 


413 


414 


367.7 


195.8 


201.3 


300.5 


194.1 


273.2 


387.6 


325.6 


342.7 


414 


415 


368.6 


196.3 


301.8 


301.0 


194.6 


373.9 


388.8 


836.3 


343.5 


415 


410 


360.5 


196.8 


202.4 


301.6 


195.3 


374.6 


389.0 


337.1 


344.4 


416 


417 


370.4 


197.4 


202.9 


303.1 


195.7 


275.3 


389.7 


337.9 


345.2 


417 


418 


371.3 


197.9 


203.5 


303.6 


196.3 


375.9 


390.4 


338.7 


Zi 


418 


410 


873.3 


198.4 


204.0 


303.3 


196.8 


276.6 


391.3 


339.5 


419 


420 


878.1 


199.0 


204.6 


303.7 


197.3 


3773 


391.9 


380.3 


347.7 


430 


431 


374.0 


199.6 


205.1 


204.3 


197.9 


877.9 


293.6 


331.1 


348.5 


431 


422 


874.8 


300.1 


205.7 


204.8 


198.4 


378.6 


303.8 


831.9 


349.3 


433 


423 


375.7 


200.6 


206.2 


305.4 


196.9 


379.3 


394.0 


333.7 


350.2 


433 


424 


376.6 


201.1 


206.7 


305.9 


199.5 


380.0 


394.7 


333.4 


351.0 


434 


425 


877.5 


301.7 


207.3 


306.5 


300.0 


380.7 


395.4 


834.2 


851.8 


435 


420 


878.4 


303.3 


207.8 


307.0 


300.6 


381.3 


396.3 


335.0 


852.7 


436 


427 


879.3 


308.8 


208.4 


307.6 


201.1 


383.0 


396.9 


335.8 


853.5 


437 


428 


880.3 


303.3 


308.9 


308.1 


301.7 


383.7 


397.6 


886.6 


354.8 


438 


420 


881.1 


303.8 


309.5 


308.7 


203.3 


383.4 


398.3 


337.4 


355.1 


439 


480 


383.0 


204.4 


310.0 


209.3 


303.7 


384.1 


399.0 


338.2 


856.0 


430 


431 


383.8 


304.9 


310.6 


309.8 


303.3 


384.7 


399.7 


339.0 


356.8 


431 


432 


388.7 


205.5 


311.1 


310.3 


303.8 


385.4 


300.5 


339.7 


857.6 


433 


433 


384.6 


206.0 


311.7 


310.9 


304.4 


386.1 


801.3 


340.5 


358.5 


433 


434 


385.5 


206.5 


313.3 


311.4 


304.9 


386.8 


301.9 


341.3 


350.3 


484 


435 


386.4 


207.1 


313.8 


313.0 


305.5 


387.5 


303.6 


343.1 


360.1 


435 


436 


387.3 


307.6 


313.8 


313.6 


306.0 


388.1 


303.3 


843.9 


361.0 


486 


437 


388.2 


208.3 


313.9 


313.1 


306.6 


388.8 


304.0 


343.7 


361.8 


437 


438 


389.1 


308.7 


314.4 


313.6 


307.1 


389.5 


304.7 


344.5 


362 6 


438 


480 


800.0 


309.3 


315.0 


314.3 


307.7 


390.3 


305.5 


345.3 


363.4 


439 


440 


890.8 


300.8 


315.5 


314.7 


208.3 


390.9 


306.3 


346.1 


864.8 


440 


441 


391.7 


310.3 


316.1 


315.3 


306.8 


391.5 


306.9 


346.8 


365.1 


441 


442 


393.6 


310.9 


316.6 


315.8 


309.3 


393.3 


807.6 


347.6 


3659 


443 


443 


898.5 


311.4 


317.3 


316.4 


309.9 


393.9 


808.3 


348.4 


366.8 


443 


444 


394.4 


312.0 


317.8 


316.9 


310.4 


393.6 


300.0 


349.3 


867.6 


444 


445 


395.3 


213.5 


318.3 


317.5 


311.0 


394.3 


300.7 


350.0 


368.4 


445 


446 


386.2 


313.1 


318.9 


318.0 


311.5 


3949 


310.5 


350.8 


369.3 


445 


447 


397.1 


313.6 


319.4 


318.6 


312.1 


395.6 


311.3 


351.6 


370.1 


447 


448 


807.9 


314.1 


830.0 


319.1 


213.6 


396.3 


311.9 


353.4 


370.0 


448 


449 


396.8 


314.7 


330.5 


319.7 


313.3 


397.0 


313.6 


353.3 


371.7 


449 
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Table 1.— Munson and Walker's TABL£.-<Continued. 

lErpreseed in miUigrams.l 



[Chap. 



f 


I 




ff 


IKVSBT BUOA.B 
AND BOCROas 


LACrOSK 


MAI^TOBB 


1 


g 


1 


1 
l| 


1 


1 


1 


1 


j 


MO 


800.7 


215.2 


221.1 


220.2 


213.7 


207.6 


313.8 


8530 


372.6 


450 


451 


400.6 


215.8 


221.6 


220.8 


214.3 


208.8 


314.0 


854.7 


3734 


451 


463 


401.5 


216.3 


222.2 


221.4 


214.8 


200.0 


814.7 


355.5 


374.2 


453 


453 


402.4 


216.0 


222.8 


221.0 


215.4 


200.7 


315.5 


856.3 


375.1 


453 


454 


403.3 


217.4 


223.8 


222.5 


215.0 


300.4 


316.8 


357.1 


375.0 


464 


455 


404.2 


218.0 


223.0 


228.0 


216.5 


301.1 


316.0 


357.0 


876.7 


455 


456 


405.1 


218.6 


2244 


223.6 


217.0 


301.7 


317.6 


358.7 


877.6 


456 


457 


405.0 


210.1 


225.0 


224.1 


217.6 


302.4 


318.3 


850.5 


378.4 


457 


458 


406.8 


210.6 


225.5 


224.7 


218.1 


303.1 


310.0 


360.3 


370.2 


458 


450 


407.7 


220.2 


226.1 


225.3 


218.7 


803.8 


310.8 


861.0 


380.0 


450 


450 


408.6 


220.7 


226.7 


225.8 


210.2 


304.5 


320.5 


361.8 


380.0 


460 


451 


400.5 


221.3 


227.2 


226.4 


210.8 


305.1 


321.2 


868.6 


381.7 


461 


462 


410.4 


221.8 


227.8 


226.0 


220.3 


805.8 


821.0 


863.4 


382.5 


468 


463 


411.3 


222.4 


228.3 


227.5 


220.0 


806.5 


322.6 


364.2 


383.4 


468 


464 


412.2 


222.0 


228.0 


228.1 


221.4 


307.2 


823.4 


865.0 


384.2 


464 


465 


413.0 


223.5 


220.6 


228.6 


222.0 


307.0 


324.1 


365.8 


885.0 


466 


466 


413.0 


224.0 


230.0 


220.2 


222.5 


808.6 


324.8 


866.6 


385.0 


466 


467 


414.8 


224.6 


230.6 


220.7 


223.1 


300.2 


825.5 


867.3 


386.7 


467 


468 


415.7 


225.1 


231.2 


230.3 


223.7 


300.0 


326.2 


868.1 


387.5 


468 


469 


416.6 


225.7 


231.7 


230.0 


224.2 


310.6 


326.0 


368.0 


388.3 


460 


470 


417.5 


226.2 


232.3 


231.4 


224.8 


311.3 


327.7 


860.7 


880.2 


470 


471 


418.4 


226.8 


232.8 


232.0 


225.3 


812.0 


828.4 


370.5 


300.0 


471 


472 


410.3 


227.4 


233.4 


282.5 


225.0 


312.6 


320.1 


371.3 


300.8 


473 


473 


420.2 


227,0 


234.0 


233.1 


226.4 


313.3 


320.8 


372.1 


301.7 


473 


474 


421.0 


228.5 


234.5 


233.7 


227.0 


314.0 


330.6 


372.0 


302.5 


474 


475 


421.0 


220.0 


235.1 


234.2 


227.6 


314.7 


331 3 


373.7 


303.3 


475 


476 


422.8 


220.6 


235.7 


234.8 


228.1 


315.4 


332.0 


374.4 


304.2 


476 


477 


423.7 


230.1 


236.2 


236.4 


228.7 


316.1 


332.7 


375.2 


305.0 


477 


478 


424.6 


230.7 


236.8 


235.0 


220.2 


316.7 


333.4 


376.0 


305.8 


478 


470 


425.5 


231.3 


237.4 


236.5 


220.8 


317.4 


334.1 


376.8 


806.6 


479 


480 


426.4 


231.8 


237.0 


237.1 


230.3 


318.1 


334.8 


377.6 


807.5 


480 


481 


427.3 


232.4 


238.6 


237.6 


230.0 


318.8 


335.6 


378.4 


308.3 


481 


482 


428.1 


232.0 


230.1 


238.2 


231.5 


310.5 


336.3 


370.2 


300.1 


482 


483 


420.0 


233.5 


230.6 


238.8 


232.0 


320.1 


337.0 


380.0 


400.0 


483 


484 


420.0 


234.1 


240.2 


230.3 


232.6 


320.8 


337.7 


380.7 


400.8 


484 


485 


430.8 


234.6 


240.8 


230.0 


233.2 


821.5 


338.4 


381.5 


401.6 


485 


486 


431.7 


235.2 


241.4 


240.5 


233.7 


322.2 


330.1 


382.3 


402.4 


486 


487 


432.6 


235.7 


241.9 


241.0 


234.3 


322.0 


330.0 


383.1 


403.3 


487 


488 


433.5 


236.3 


242.5 


241.6 


234.8 


323.6 


340.6 


388.0 


404.1 


488 


480 


434.4 


236.0 


243.1 


242.2 


235.4 


324.2 


341.3 


384.7 


404.0 


489 


400 


435.3 


237.4 


243.6 


243.7 


236.0 


324.0 


342.0 


385.5 


405.8 


400 



28 



77. A, H. Law Volumetric Method, Modified/ — Tentative, 



Standard thiosvlphate solution, — Prepare a solution of sodium thiosulphate 
containing 19 grams of pure crystals in 1 liter. Weigh accurately about 0.2 
gram of pure copper foil and place in a flask of 250 cc. capacity. Dissolve by warming 
with 5 cc. of a mixture of equal volumes of strong nitric acid and water. Dilute 
to 50 cc.y boil to exi>el the red fumes, add 5 cc. of strong bromin water, and boil 
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until the bromin is completely driven off. Remove from the heat and add a slight 
excess of strong ammonium hydroxid (about 7 cc. is required). Again boil until 
the excess of ammonia is expelled, as shown by a change of color of the liquid, 
and a partial precipitation. Then add a slight excess of strong acetic acid (3 or 4 
cc. of 80% acid) and boil for a minute. Cool to room temperature and add 10 cc. 
of 30% potassium iodid solution. Titrate at once with the thiosulphate solution 
until the brown tinge has become weak, then add sufScient starch indicator [VII, 
3 (a)] to produce a marked blue coloration. Continue the titration cautiously 
until the color due to free iodin has entirely vanished. The blue color changes to- 
ward the end to a faint lilac. If at this point the thiosulphate be added drop by drop 
and a little time allowed for complete reaction after each addition, there is no diffi- 
culty in determining the end point within a single drop. One cc. of the thiosulphate 
solution will be found to correspond to about 0.005 gram of copper. 

29 DETERMINATION. 

After washing the precipitated cuprous oxid, cover the Gooch with a watch 
glass and dissolve the oxid by means of 5 cc. of warm nitric acid (1 to 1) poured under 
the watch glass with a pipette. Catch the filtrate in a 250 cc. flask, wash the 
watch glass and Gooch free of copper, using about 50 cc. of water. Boil to expel 
red fumes, add 5 cc. of bromin water, boil off the bromin, and proceed exactly as 
in 28. 

30 ///. Volumetrie Permanganate Method, — Tentative. 

Filter and wash the cuprous oxid as directed under 25. Transfer the asbestos 
film to the beaker, add about 30 cc. of hot water, and beat the precipitate and asbes- 
tos thoroughly. Rinse the crucible with 50 cc. of a hot saturated solution of ferrio 
sulphate in 20% sulphuric acid, receiving the rinsings in the beaker containing the 
precipitate. After the cuprous oxid is dissolved, wash the solution into a large 
Erlenmeyer flask and immediately titrate with a standard solution of potassium 
permanganate, 1 cc. of which should be equivalent to 0.010 gram of copper. Stand- 
ardise this solution by making 6 or more determinations with the same sugar solu- 
tion, titrating one half of the precipitates obtained, and determining the copper in 
the others by electrolysis. . The average weight of copper obtained by electrolysis, 
divided by the average number of cc. of permanganate solution required for the 
titrations, gives the weight of copper equivalent to 1 cc. of the standard perman- 
ganate solution. A solution standardized with iron or oxalic acid will give too low 
a result. 

31 IV. Electrolytic Deposition from Sulphuric Acid Solution. — TenlcUive. 

Filter the cuprous oxid in a Gooch, wash the beaker and the precipitate thoroughly 
with hot water without transferring the precipitate to the filter. Wash the asbestos 
film and the adhering cuprous oxid into the beaker by means of hot dilute nitric acid. 
After the copper is all in solution, refilter through a thin film of asbestos in a Gooch 
and wash thoroughly with hot water. Add 10 cc. of sulphuric acid (1 to 4), and 
evaporate the filtrate on the steam bath until the copper salt has largely crystal- 
lised. Heat carefully on a hot plate or over asbestos until the evolution of white 
fumes shows that the excess of nitric acid is removed. Add 8-10 drops of nitric acid 
(sp. gr. 1.42) and rinse into a 100-125 cc. platinum dish. Deposit the copper by 
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electrolysis. Wash thoroughly with water, then break the current, wash with alco- 
hol and ether successively, dry at about 60*C., and weigh. If preferred, the elec- 
trolysis can be conducted in a beaker, the copper being deposited upon a weighed 
platinum electrode. 

32 y. Electrolytic Depontion from Sulphuric and Nitric Acid Sjlulian. — Tentative, 

Filter and wash as directed under 31 . Transfer the asbestos film from the cru- 
cible to the beaker by means of a glass rod and rinse the crucible with about 30 cc. 
of a boiling mixture of dilute sulphuric and nitric acids, containing 06 cc. of sul- 
phuric acid (sp. gr. 1.84) and 50 cc. of nitric acid (sp. gr. 1.42) per liter. Heat and 
agitate until solution is complete; filter and electrolyse as under 31 . 

33 VI, Electrolytic Deposition from Nitric Acid S:>lution, — TentcUive. 

Filter and wash as directed under 31 . Transfer the asbestos film and adhering 
oxid to the beaker. Dissolve the oxid still remaining in the crucible by means of 
2 cc. of nitric acid (s^. gr. 1.42), adding it with a pipette and receiving the solution 
in the beaker containing the asbestos film. Rinse the crucible with a jet of water, 
allowing the rinsings to flow into the beaker. Heat the contents of the beaker until 
the copper is all in solution, filter, dilute the filtrate to a volume of 100 cc. or more, 
and electrohyze. When a nitrate solution is electrolysed, the first washing of the 
deposit should be made with water acidulated with sulphuric acid, in order to remove 
all the nitric acid before the current is interrupted. 

34 VIL Reduction in Hydrogen. — Tentative. 

Deposit an asbestos film on a perforated platinum disc or cone contained in a 
hard glass filtering tube, wash free from loose fibers, dry and weigh. Through this 
tube, previously moistened, filter the cuprous oxid inmiediately, using suction. 
Transfer the cuprous oxid to the tube through a removable funnel, and wash thor- 
oughly with hot water, alcohol and ether successively. After drying, connect the 
tube with a supply of dry hydrogen, heat gently until the cuprous oxid is com- 
pletely reduced to metallic copper, cool in the current of hydrogen, and weigh. 
If preferred, a Gooch crucible may be used for the filtration. 

Herzfeld Gravimetric Method, — Tentative. 

Method I. 

(For materials containing 1.5% or less of invert sugar and 98.5% or more of sucrose.) 

35 REAOENTB. 

The reagents and solutions used are described under 24. 

36 DETERMINATION. 

Prepare the solution of the material to be examined so as to contain 20 grams in 
100 cc, free from suspended impurities by filtration and from soluble impurities by 
neutral lead acetate, removing the excess of lead by means of sodium carbonate. 
Place 50 cc. of the reagent and 50 cc. of the sugar solution in a 250 cc. beaker. Heat 
this mixture at such a rat« that approximately 4 minutes are required to bring it 
to the boiling point, and boil for exactly 2 minutes. Add 100 cc. of cold, recently 
boiled, water. Filter immediately through asbestos, and determine the copper 
by one of the met^ ods under 26, 29-34, respectively. Obtain the corresponding 
percentage of invert sugar from 37. 
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37 Table 2.— Herzfeld's Tabu;.* 

For the determination of invert sugar in materiaU containing L6%, or lees, of invert 
sugar and 98,5%, or more, of sucrose. 



COFPKB 




C FPBB 




COPPBB 




BBDUCBO BT 
lOOBAMS 


INTBBT BUOAB 


BBDUCBD BT 
10 GBAlfB 


INTBBT SUOAB 


BBDUCBD BT 
10 OBAUB 


imrBBT BVOAB 


or MATBBIAL 








or MATBBIAL 




mg. 


p^e^rU 


mg. 


percent 


mg. 


p«re$nt 


50 


0.06 


140 


0.51 


230 


1.02 


55 


0.07 


145 


0.53 


235 


1.05 


60 


0.09 


150 


0.56 


240 


1.07 


65 


0.11 


155 


0.59 


245 


1.10 


70 


0.14 


160 


0.62 


250 


1.13 


75 


0.16 


165 


0.65 


255 


1.16 


80 


0.10 


170 


0.68 


200 


1.18 


85 


0.21 


175 


0.71 


265 


1.21 


00 


0.24 


180 


0.74 


270 


1.24 


05 


0.27 


185 


0.76 


275 


1.27 


100 


0.30 


100 


0.79 


280 


1.30 


105 


0.32 


195 


0.82 


285 


1.33 


110 


0.35 


200 


0.85 


290 


1.36 


115 


0.38 


205 


0.88 


295 


1.38 


120 


0.40 


210 


0.90 


300 


1.41 


125 


0.43 


215 


0.93 


305 


1.44 


130 


0.45 


220 


0.96 


310 


1.47 


135 


0.48 


225 


0.99 


315 


1.50 



Method II. 
(For materialB containing 1.5% or more of invert sugar and 98.5% or less of sucrose.) 
38 



BEAGSNTB. 



Same as described under 24. 



DBTEBMINATION. 



39 

Prepare a solution of the material to be examined in such a manner that it con- 
tains 20 grams in 100 cc. after clarification and removal of the excess of lead. Pre- 
pare a series of solutions in large test tubes by adding 1, 2, Z, 4, and 5 cc. of this 
solution to each tube successively. Add 5 cc. of the reagent to each, heat to boiling, 
boil 2 minutes, and filter. Note the volume of sugar solution which gives the fil- 
trate lightest in tint, but still distinctly blue. Place 20 times this vo ume of the 
sugar solution in a 100 cc. flask, dilute to the mark, and mix well. Use 50 cc. of the 
solution for the determination, which is conducted as described under 36. For the 
calculation of the result use the following formulas and table of factors of Meissl 
and Hiller: 

Let Cu » the weight of copper obtained; 
P » the polarisation of the sample; 
W — the weight of the sample in the 50 cc. of the solution used for the 

determination; 
F «- the factor obtained from the table for the conversion of copper to 
invert sugar; 

Cu 
Then — ""Z, approximate weight of invert sugar; 

100 
Z X -=r -Y, approximate per cent of invert sugar; 
W 
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100 P 



= R, approximate per cent of sucrose in mixture of sugars; 



P + Y 

100 — R » I, approximate per cent of invert sugar; 

CuF 

— - = per cent of mvert sugar. 

The factor F for calculating copper to invert sugar is then found from 40. 

40 Table 3. 

Mei88l and Hiller's^ factors for determinations in materiah in which, of the total 
sugars present, 1.6%, or more, is invert sitgar, and 98.6%, or less, is sucrose. 







APPBOXIMATB ▲BSOLUTB WBOBT OT INTBST SUOAB IZS 




mATIO OF BUCBOSK 
















TO INYBRT 

suoAB - b: I. 


200 


175 


150 


125 


100 


75 


50 




miUifframs 


mUligrama 


ini1|igr**"ft 


millippyiHiy 


milUgnuns 


milligri^inn 


millicruttt 




pcrcffU 


Vercent 


P€rcent 


V*Tc$nl 


VtruiU 


vercent 


percent 


0:100 


56.4 


55.4 


54.5 


53.8 


53.2 


53.0 


53.0 


10:90 


56.3 


55.3 


54.4 


53.8 


53.2 


52.9 


52.9 


20:80 


56.2 


55.2 


54.3 


53.7 


53.2 


52.7 


52.7 


30:70 


56.1 


55.1 


54.2 


53.7 


53.2 


52.6 


52.6 


40:60 


55.9 


55.0 


54.1 


53.6 


53.1 


52.5 


52.4 


50:50 


55.7 


54.9 


54.0 


53.5 


53.1 


52.3 


52.2 


60:40 


55.6 


54.7 


53.8 


53.2 


52.8 


52.1 


61.9 


70:30 


55.5 


54.5 


53.5 


52.9 


52.5 


51.9 


51.6 


80:20 


55.4 


54.3 


53.3 


52.7 


52.2 


51.7 


51.3 


90:10 


54.6 


53.6 


53.1 


52.6 


52.1 


51.6 


51.2 


91:9 


54.1 


53.6 


52.6 


52.1 


51.6 


51.2 


50.7 


92:8 


53.6 


53.1 


52.1 


51.6 


51.2 


50.7 


50.3 


93:7 


53.6 


53.1 


52.1 


51.2 


50.7 


50.3 


49.8 


94:6 


53.1 


52.6 


51.6 


50.7 


50.3 


49.8 


48.9 


95:5 


52.6 


52.1 


51.2 


50.3 


49.4 


48.9 


48.5 


96:4 


52.1 


51.2 


50.7 


49.8 


48.9 


47.7 


46.9 


97:3 


50.7 


50.3 


49.8 


48.9 


47.7 


46.2 


45.1 


98:2 


49.9 


48.9 


48.5 


47.3 


45.8 


43.3 


40.0 


99:1 


47.7 


47.3 


46.5 


45.1 


43.3 


41.2 


38.1 



Example: The polarisation of a sugar is 86.4, and 50 cc. of solution containing 
3.256 grams of sample gave 0.290 gram of copper. 

Cu ^ 0.290 
2 



2 



> 0.145 < 



ZX 100 



100 



w 


■"~ 


- 0.145 X =4.45 

^3.256 


100- 


R 


- 100-95.1= I = 4.9 
R:I = 95.1:4.9 



By consulting the table it will be seen that the vertical column headed 150 is 
nearest to Z, 145, and the horizontal column headed 95: 5 is nearest to the ratio of 
R to I, 95.1 : 4.9. Where these columns meet, we find the factor 51.2 which enters 
into the final calculation: 



CuF 0.290 X 51.2 



W 



3.256 



4.56 per cent of invert sugar. 



In case there is no sucrose present, the following table may be used instead of the 
factors given in 40. 
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foods and feeding stuffs 

Table 4.— Meissl*s Table.^ 
FcT the determination of invert sugar alone. 
[According to Wein.] 
{Ezpraased in miUigrams.] 



101 



COtVEM 


IHVBRT 
aUOAB 


OOPPSB 


XNVBBT 
BUOAB 


COPPSB 


XNVSBT 
BUOAB 


COPPBB 


INVBBT 
BUOAB 


90 


46.9 


135 


70.8 


180 


95.2 


225 


120.4 


91 


47.4 


136 


71.3 


181 


95.7 


226 


120.9 


92 


47.9 


137 


71.9 


182 


96.2 


227 


121.5 


93 


48.4 


138 


72.4 


183 


96.8 


228 


122.1 


94 


48.9 


139 


72.9 


184 


97.3 


229 


122.6 


95 


49.5 


140 


73.5 


185 


97.8 


230 


123.2 


96 


50.0 


141 


74.0 


186 


98.4 


231 


123.8 


97 


50.5 


142 


74.5 


187 


99.0 


232 


124.3 


98 


51.1 


143 


75.1 


188 


99.5 


233 


124.9 


99 


51.6 


144 


75.6 


189 


100.1 


234 


125.5 


100 


52.1 


145 


76.1 


190 


100.6 


235 


126.0 


101 


52.7 


146 


76.7 


191 


101.2 


236 


126.6 


102 


53.2 


147 


77.2 


192 


101.7 


237 


127.2 


103 


53.7 


148 


77.8 


193 


102.3 


238 


127.8 


104 


54.3 


149 


78.3 


194 


102.9 


239 


128.3 


105 


54.8 


150 


78.9 


195 


103.4 


240 


128.9 


106 


55.3 ' 


151 


79.4 


196 


104.0 


241 


129.5 


107 


55.9 


152 


80.0 


197 


104.6 


242 


130.0 


108 


56.4 


153 


80.5 


198 


105.1 


243 


130.6 


109 


56.9 


154 


81.0 


199 


105.7 


244 


131.2 


110 


57.5 


155 


81.6 


200 


106.3 


245 


131.8 


111 


58.0 


156 


82.1 


201 


106.8 


246 


132.3 


112 


58.5 


157 


82.7 


202 


107.4 


247 


132.9 


113 


59.1 


158 


83.2 


203 


107.9 


248 


133.5 


114 


59.6 


159 


83.8 


204 


108.5 


249 


134.1 


115 


60.1 


160 


84.3 


205 


109.1 


250 


134.6 


116 


60.7 


161 


84.8 


206 


109.6 


251 


135.2 


117 


61.2 


162 


85.4 


207 


110.2 


252 


135.8 


118 


61.7 


163 


85.9 


208 


110.8 


253 


136.3 


119 


62.3 


164 


86.5 


209 


111.3 


254 


136.9 


120 


62.8 


165 


87.0 


210 


111.9 


255 


137.5 


121 


63.3 


166 


87.6 


211 


112.5 


256 


138.1 


122 


63.9 


167 


88.1 


212 


113.0 


257 


138.6 


123 


64.4 


168 


88.6 


213 


113.6 


258 


139.2 


124 


64.9 


169 


89.2 


214 


114.2 


259 


139.8 


125 


65.5 


170 


89.7 


215 


114.7 


260 


140.4 


126 


66.0 


171 


90.3 


216 


115.3 


261 


140.9 


127 


66.6 


172 


90.8 


217 


115.8 


262 


141.5 


128 


67.1 


173 


91.4 


218 


116.4 


263 


142.1 


129 


67.6 


174 


91.9 


219 


117.0 


264 


142.7 


130 


68.1 


175 


92.4 


220 


117.5 


265 


143.2 


131 


68.7 


176 


93.0 


221 


118.1 


266 


143.8 


132 


69.2 


177 


93.5 


222 


118.7 


267 


144.4 


133 


69.7 


178 


94.1 


223 


119.2 


268 


144.9 


134 


70.3 


179 


94.6 


224 


119.8 


269 


145.5 
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METHODS OF ANALYSIS 
Table 4.— Meissl'S Table.— Continued. 

(ExpreMed in miUigrains.] 



[Chap. 



OOrPBB 


nnrKBT 

BUOAB 


COPPSB 


XNTBBT 
BUGAB 


OOrPBB 


imrBBT 

BUGAB 


OOPPBB 


imrBBT 

BCQAB 


270 


146.1 


310 


169.7 


350 


193.8 


390 


218.7 


271 


146.7 


311 


170.3 


351 


194.4 


391 


219.3 


272 


147.2 


312 


170.9 


352 


195.0 


392 


219.9 


273 


147.8 


313 


171.5 


353 


195.6 


393 


220.5 


274 


148.4 


314 


172.1 


354 


196.2 


394 


221.2 


275 


149.0 


315 


172.7 


355 


196.8 


395 


221.8 


276 


149.5 


316 


173.3 


356 


197.4 


396 


222.4 


277 


150.1 


317 


173.9 


357 


198.0 


897 


223.1 


278 


150.7 


318 


174.5 


358 


198.6 


398 


223.7 


279 


151.3 


319 


175.1 


359 


199.2 


399 


224.3 


280 


151.9 


320 


175.6 


360 


199.8 


400 


224.9 


281 


152.5 


321 


176.2 


361 


200.4 


401 


225.7 


282 


153.1 


322 


176.8 


362 


201.1 


402 


226.4 


283 


153.7 


323 


177.4 


363 


201.7 


403 


227.1 


284 


154.3 


324 


178.0 


364 


202.3 


404 


227.8 


285 


154.9 


325 


178.6 


365 


203.0 


405 


228.6 


286 


155.5 


326 


179.2 


366 


203.6 


406 


229.3 


287 


156.1 


327 


179.8 


867 


204.2 


407 


230.0 


288 


156.7 


328 


180.4 


368 


204.8 


408 


230.7 


289 


157.2 


329 


181.0 


9ltO 


205.5 


409 


231.4 


290 


157.8 


330 


181.6 


370 


206.1 


410 


232.1 


291 


158.4 


331 


182.2 


371 


206.7 


411 


232.8 


292 


159.0 


332 


182.8 


372 


207.3 


412 


233.5 


293 


159.6 


333 


183.5 


373 


208.0 


413 


234.3 


294 


160.2 


334 


184.1 


374 


208.6 


414 


235.0 


295 


160.8 


335 


184.7 


375 


209.2 


415 


235.7 


296 


161.4 


336 


185.4 


376 


209.9 


416 


236.4 


297 


162.0 


337 


186.0 


377 


210.5 


417 


237.1 


298 


162.6 


338 


186.6 


378 


211.1 


418 


237.8 


299 


163.2 


339 


187.2 


379 


211.7 


419 


238.5 


300 


163.8 


340 


187.8 


380 


212.4 


420 


239.2 


301 


164.4 


341 


188.4 


381 


213.0 


421 


239.9 


302 


165.0 


342 


189.0 


382 


213.6 


422 


240.6 


303 


165.6 


343 


189.6 


383 


214.3 


423 


241.3 


304 


166.2 


344 


190.2 


384 


214.9 


424 


242.0 


305 


166.8 


345 


190.8 


385 


215.5 


425 


242.7 


306 


167.3 


346 


191.4 


386 


216.1 


426 


243.4 


307 


167.9 


347 


192.0 


387 


216.8 


427 


244.1 


308 


168.5 


348 


192.6 


388 


217.4 


428 


244.9 


309 


169.1 


349 


193.2 


389 


218.0 


429 
430 


245.6 
246.3 



MALTOSE. 
General Oravtmetrie Method, — Tentative. 



Proceed as directed under 25 and obtain, from 27, the weight of maltose 
equivalent to the weight of copper reduced. 
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Wein Method,— Tentative. 

43 BEAGBNTB. 

The reagents and solutions used are described under 24. 

44 DETERMINATION. 

Place 50 cc. of the reagent in a beaker and heat to the boiling point. When 
boiling briskly, add 25 cc. of the maltose solution containing not more than 0.250 
gram of maltose and boil for 4 minutes. Filter immediately through asbestos and 
determine, by one of the methods given under 26, 29-34 respectively, the amount of 
copper reduced. 
Obtain, from 45, the weight of maltose equivalent to the weight of copper found. 



45 



Table 5. 

Far the determination of maltoee, 

[According to Wein.*] 





















OOPPBB 


ou- 

PKOUt 
OZID 


MAL- 

TOBB 


COPPBB 


cu- 

PBOX7S 
OZXO 


MAL- 

T06B 


OOPPBB 


cu- 

PBOUB 
OXXD 


MAL- 

T06B 


COPPBB 


cu- 

PBOUB 
OZID 


MAL- 
TO«B 


11 


84.0 


26.1 


71 


70.9 


61.0 


111 


125.0 


06.4 


151 


170.0 


132.3 


83 


86.0 


27.0 


72 


81.1 


61.8 


112 


126.1 


07.3 


152 


171.1 


183.2 


8S 


87.2 


27.0 


73 


82.2 


62.7 


113 


127.2 


08.1 


153 


172.8 


134.1 


U 


88.3 


28.7 


74 


83.3 


63.6 


114 


128.3 


99.0 


154 


173.4 


135.0 


16 


80.4 


20.6 


76 


84.4 


64.5 


115 


120.6 


99.9 


155 


174.6 


135.0 


86 


40.6 


80.6 


76 


85.6 


66.4 


116 


130.6 


100.8 


156 


175.6 


136.8 


87 


41.7 


81.3 


77 


86.7 


66.2 


117 


131.7 


101.7 


157 


176.8 


137.7 


88 


42.8 


82.2 


78 


87.8 


67.1 


118 


132.8 


102.6 


158 


177.0 


138.6 


86 


43.0 


83.1 


70 


88.9 


68.0 


119 


134.0 


103.5 


150 


1790 


130.6 


40 


48.0 


83.0 


80 


90.1 


68.9 


120 


135.1 


104.4 


160 


180.1 


140.4 


41 


46.8 


84.8 


81 


91.3 


69.7 


121 


136.2 


105.3 


161 


181.8 


141.3 


4t 


47.8 


86.7 


82 


92.3 


70.6 


122 


137.4 


106.2 


162 


182.4 


142.2 


4S 


48.4 


86.6 


83 


93.4 


71.6 


123 


138.5 


107.1 


163 


183.6 


143.1 


44 


40.6 


87.4 


84 


94.6 


72.4 


124 


180.6 


108.0 


164 


184.6 


144.0 


46 


50.7 


88.3 


85 


95.7 


73.2 


125 


140.7 


108.0 


166 


185.8 


144.0 


46 


61.8 


80.1 


86 


96.8 


74.1 


126 


141.0 


100.8 


166 


186.0 


145.8 


47 


62.9 


40.0 


87 


97.9 


75.0 


127 


143.0 


110.7 


167 


188.0 


146.7 


48 


64.0 


40.0 


88 


99.1 


76.0 


128 


144.1 


111.6 


168 


180.1 


147.0 


40 


66.2 


41.8 


80 


100.3 


76.8 


129 


145.2 


112.5 


160 


190.3 


148.6 


CO 


66.8 


42.6 


00 


101.8 


n.7 


130 


146.4 


113.4 


170 


101.4 


140.4 


51 


67.4 


43.6 


01 


102 4 


78.6 


131 


147.5 


114.8 


171 


102.5 


160.8 


fta 


68.6 


44.4 


02 


103.6 


70.5 


132 


148.6 


115 2 


172 


103.0 


151.2 


58 


60.7 


45.2 


03 


104.7 


80.3 


133 


149.7 


116.1 


173 


104.8 


152.0 


54 


60.8 


46.1 


04 


105.8 


81.2 


134 


150.9 


117.0 


174 


105.0 


152.0 


58 


01.0 


47.0 


06 


107.0 


82.1 


135 


152.0 


117.0 


176 


107.0 


153.8 


58 


03.0 


47.8 


06 


108.1 


83.0 


436 
137 


153.1 


118.8 


170 


108.1 


164.7 


57 


64.2 


48.7 


07 


100.2 


83.9 


154.2 


110.7 


177 


190.3 


156.6 


58 


66.8 


40.0 


08 


110.3 


84.8 


138 


155.4 


120.6 


178 


200.4 


156.6 


50 


664 


60.4 


00 


111.5 


85.7 


139 


156.5 


121.5 


170 


201.5 


157.4 


88 


67.0 


61.3 


100 


112.6 


86.6 


140 


157.6 


122.4 


180 


202.6 


158.8 


81 


68.7 


62.2 


101 


113.7 


87.6 


141 


168.7 


123.3 


181 


203.8 


160.2 


83 


00.8 


63.1 


102 


114.8 


88.4 


142 


150.0 


124.2 


182 


204.0 


100.1 


83 


70.0 


63.0 


103 


116.0 


89.2 


143 


161.0 


125.1 


183 


206.0 


160.0 


84 


72.1 


648 


104 


117.1 


90.1 


144 


162.1 


126.0 


184 


207.1 


161.8 


8S 


73.2 


66.7 


106 


118.2 


91.0 


145 


163.2 


126.0 


185 


208.3 


162.7 


«6 


74.8 


66.6 


106 


110.3 


91.9 


146 


164.4 


127.8 


186 


200.4 


163.6 


«7 


76.4 


67.4 


107 


130.5 


92.8 


147 


165.5 


128.7 


187 


210.6 


164.5 


68 


76.6 


68.3 


108 


121.6 


93.7 


148 


166.6 


120.6 


188 


211 7 


165.4 


•9 


n.7 


50.2 


100 


122.7 


94.6 


149 


167.7 


130.5 


180 


212.8 


166.3 


70 


78.8 


60.1 


110 


123.8 


95.6 


150 


168.0 


131.4 


190 


213.0 


167.2 
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MBTHODS OF ANALTSIS 

Table 5.— Continued. 

For the determination of maltose, 

(ExpreflMd in milUgmns.] 



[Chap. 



COPPBB 


cu- 

PBOUB 
OXIO 


IfAL- 

T08B 


COPPBB 


CU- 
PBOUB 
OXIO 


MAL- 

TOSB 


COPPBB 


CU- 
PBOU8 
OZID 


MAL- 

TOM 


COPPBB 


CU- 
PBOOS 
OXID 


MAI^ 

TOM 


191 


215.0 


168.1 


221 


243.7 


194.8 


851 


282.6 


221.7 


281 


816.4 


348.7 


192 


216.2 


169.0 


222 


249.9 


195.7 


252 


2887 


222.6 


883 


317.5 


248.6 


193 


217.3 


169.8 


223 


251.0 


196.6 


253 


284.8 


223.5 


283 


818.6 


250.4 


194 


218.4 


170.7 


224 


252.4 


197.5 


254 


286.0 


224.4 


284 


819.7 


251.8 


196 


210.5 


171.6 


225 


253.3 


198.4 


255 


287.1 


225.3 


285 


320.9 


252.2 


196 


220.7 


172.5 


226 


254.4 


199.3 


256 


288.2 


226.2 


286 


322.0 


363.1 


197 


221.8 


173.4 


227 


255.6 


200.2 


257 


289.3 


227 1 


287 


823.1 


254.0 


198 


222.9 


174.3 


228 


256.7 


201.1 


258 


290.6 


228.0 


288 


824.2 


354.9 


199 


224.0 


175.2 


229 


257.8 


2020 


250 


291.6 


228.9 


280 


825.4 


355.8 


200 


225.2 


176.1 


230 


258.9 


202.9 


260 


292.7 


229.8 


290 


826.5 


366.6 


201 


226.3 


177.0 


231 


260.1 


203.8 


261 


293.8 


230.7 


291 


827.4 


367.5 


202 


227.4 


177.9 


232 


261.2 


204.7 


262 


295.0 


231.6 


292 


828.7 


258.4 


203 


228.5 


178.7 


233 


262.3 


205.6 


263 


296.1 


232.5 


293 


829.9 


359.8 


204 


229.7 


179.6 


234 


263.4 


206.5 


264 


297.2 


233.4 


294 


331.0 


360.3 


205 


230.8 


180.5 


235 


264.6 


207.4 


265 


298.3 


234.8 


295 


832.1 


361.1 


200 


231.9 


181.4 


236 


265.7 


208.3 


266 


2995 


235.2 


296 


833.2 


368.0 


207 


233.0 


182.3 


237 


266.8 


209 1 


267 


800.6 


286.1 


397 


834.4 


368.8 


208 


234.3 


183.2 


238 


268.0 


210.0 


268 


801.7 


2370 


298 


835.5 


363.7 


209 


235.3 


184.1 


239 


269.1 


210.9 


269 


302.8 


237.9 


299 


886.6 


364.6 


210 


286.4 


185.0 


840 


270.2 


211.8 


270 


804.0 


238.8 


800 


887.8 


366.6 


211 


237.6 


185.9 


241 


271.8 


212.7 


271 


305.1 


239.7 








212 


238.7 


186.8 


242 


272.5 


213.6 


272 


306.2 


240.6 








218 


239.8 


187.7 


243 


273.6 


214.5 


278 


307.3 


241.5 








214 


840.9 


188.6 


244 


274.7 


215.4 


274 


308.5 


242.4 








215 


242.1 


188.5 


245 


275.8 


216.3 


275 


309.6 


243.3 








216 


243.2 


190.4 


246 


277.0 


217.2 


276 


310.7 


2442 








217 


244.3 


101.2 


247 


278.1 


218.1 


277 


311.9 


245.1 








218 


245.4 


192.1 


248 


279.2 


219.0 


278 


813.0 


246.0 








219 


246.6 


193.0 


249 


280.3 


319.9 


279 


314.1 


246.9 








820 


247.7 


193.9 


250 


281.5 


820.8 


280 


815.2 


247.8 









LACTOSB. 
General Oranmetrie Method. — Tentative, 



Proceed as directed under 25 and obtain, from 27, the weight of lactose 
equivalent to the weight of copper reduced. 

SoxhUt'Wein Method,— Official, 

47 BEAGENTB. 

The reagents and solutions used are described under 24. 
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DETEBIONATION. 



Place 60 cc. of the reagent in a beaker and heat to the boiling point. When 
boiling briskly, add 100 cc. of the lactose solution containing not more than 0.300 
gram of lactose and boil for 6 minutes. Filter immediately through asbestos and 
determine by one of the methods given under 26, 29-34 inclusive, the amount of 
copper reduced. Obtain, from 49, the weight of lactose equivalent to the weight of 
copper found. 
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Table 6. 

Far the determination of lactose (Soxhlei-Wein^). 

{Ezpreaaed in milligrams.] 
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OOFPBB 


LACToaa 


COPPBB 


IJLCTOSB 


COPPBB 


LACTOBB 


COPPBB 


LA.CT08B 


COPPBB 


LACTOBB 


100 


71.0 


160 


110.4 


330 


161.9 


280 


208.3 


340 


355.7 


101 


72.4 


161 


117.1 


331 


163.7 


281 


209.1 


341 


356.6 


102 


73.1 


102 


117.9 


333 


163.4 


282 


209.9 


342 


357.4 


103 


73.8 


163 


118.6 


333 


164.3 


283 


210.7 


343 


358.3 


10( 


74.0 


164 


119.4 


334 


164.9 


284 


211.6 


344 


359.0 


105 


76.3 


166 


120.2 


335 


166.7 


286 


212.3 


345 


369.8 


100 


70.1 


100 


120.9 


336 


166.4 


286 


213.1 


346 


360.6 


107 


70.8 


167 


121.7 


337 


167.3 


287 


213.9 


347 


361.4 


108 


77.0 


168 


122.4 


338 


167.9 


288 


214.7 


348 


362.8 


100 


78.3 


109 


123.2 


329 


168.6 


289 


215.5 


849 


263.1 


110 


79.0 


170 


123.9 


230 


169.4 


290 


216.3 


860 


263.9 


111 


79.8 


171 


124.7 


231 


170.1 


291 


217.1 


351 


264.7 


113 


80.6 


172 


125.6 


233 


170.9 


292 


217.9 


352 


266.6 


113 


81.8 


173 


126.2 


233 


171.6 


293 


218.7 


853 


266.3 


114 


88.0 


174 


137.0 


234 


173.4 


294 


219.6 


354 


267.2 


116 


83.7 


176 


137.8 


236 


178.1 


296 


220.3 


366 


268.0 


110 


83.6 


176 


138.6 


236 


178.9 


296 


221.1 


356 


268.8 


117 


84.2 


177 


139.8 


237 


174.6 


297 


221.9 


367 


269.6 


118 


86.0 


178 


130.1 


238 


175 4 


298 


222.7 


358 


270.4 


119 


86.7 


179 


130.8 


289 


176.3 


299 


223.6 


359 


271.2 


120 


86.4 


180 


131.6 


240 


176.9 


800 


224.4 


860 


272.1 


121 


87.2 


181 


133.4 


241 


177.7 


801 


225.2 


361 


272.9 


122 


87.9 


182 


133.1 


242 


178.6 


802 


225.9 


862 


273.7 


123 


88.7 


183 


133.9 


243 


179.3 


303 


226.7 


363 


274.6 


124 


89.4 


184 


134.7 


344 


180.1 


304 


227.6 


364 


276.3 


126 


90.1 


186 


135.4 


346 


180.8 


305 


228.3 


365 


276.2 


120 


90.9 


186 


136.3 


346 


181.6 


306 


229.1 


866 


277.1 


127 


91.0 


187 


137.0 


347 


183.4 


807 


229.8 


367 


277.9 


138 


92.4 


188 


137.7 


348 


183.3 


308 


230.6 


868 


278.8 


129 


93.1 


189 


138.5 


349 


184.0 


309 


231.4 


369 


279.6 


130 


93.8 


190 


139.3 


350 


184.8 


810 


232.2 


870 


280.5 


131 


94.0 


191 


140.0 


351 


185.5 


311 


232.9 


371 


281.4 


132 


95.3 


192 


140.8 


353 


186.3 


312 


2^.7 


372 


282.2 


133 


96.1 


193 


141.6 


363 


187.1 


813 


234.6 


373 


283.1 


134 


96.9 


194 


143.3 


264 


187.9 


814 


235.3 


374 


283.9 


136 


97.0 


195 


143.1 


365 


188.7 


316 


236.1 


876 


284.8 


130 


98.3 


190 


143.9 


366 


189.4 


316 


236.8 


376 


285.7 


137 


99.1 


197 


144.6 


367 


190.3 


317 


237.6 


377 


286.5 


138 


99.8 


198 


145.4 


358 


191.0 


318 


238.4 


878 


287.4 


189 


100.6 


199 


146.3 


359 


191.8 


819 


239.2 


379 


288.2 


140 


101.8 


200 


146.9 


360 


192.6 


320 


240.0 


380 


289.1 


141 


102.0 


201 


147.7 


361 


193.3 


821 


240.7 


881 


289.9 


142 


102.8 


203 


148.5 


363 


194.1 


322 


241.6 


383 


290.8 


143 


103.5 


203 


149.3 


363 


194.9 


323 


343.3 


383 


291.7 


144 


104.3 


204 


150.0 


364 


195.7 


324 


343.1 


884 


202.6 


146 


105.1 


205 


150.7 


365 


196.4 


325 


343.9 


386 


293.4 


146 


105.8 


206 


151.5 


366 


197 3 


826 


344.6 


386 


294.3 


147 


106.0 


307 


153.3 


367 


198.0 


827 


345.4 


387 


395.1 


148 


107.3 


308 


153.0 


368 


198.8 


328 


346.3 


388 


396.0 


140 


108.1 


309 


153.7 


369 


199.5 


329 


347.0 


389 


396.8 


160 


108.8 


310 


154.6 


370 


200.3 


330 


247.7 


390 


397.7 


151 


109.0 


311 


155.3 


271 


201.1 


331 


348.5 


391 


398.6 


152 


110.3 


212 


156.0 


373 


201.9 


332 


349.3 


393 


399.4 


153 


111.1 


213 


156.7 


273 


203.7 


333 


350.0 


393 


300.3 


154 


111.9 


214 


157.6 


374 


203.5 


334 


350.8 


394 


301.1 


155 


112.0 


216 


158.3 


375 


204.3 


335 


351.6 


395 


303.0 


150 


113.4 


216 


159.0 


376 


205.1 


336 


353 5 


896 


803.8 


157 


114.1 


217 


159.7 


377 


205.9 


337 


253.3 


397 


303.7 


158 


114.9 


218 


100.4 


278 


306.7 


338 


254.1 


398 


804.6 


159 


115.0 


219 


161.3 


379 


207.5 


339 


254.9 


399 
400 


305.4 
306.3 
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106 METHODS OF ANALYSIS [Chap. 

DBZTR08B. 

50 Approximate Volumeirie Method for Rapid Work, — TorUaiive. 
Proceed aa directed under 21 . Standardise the reagent against pure dextrose. 

51 Soxhlet Method.— Tentative. 

Proceed as directed under 23. Under these conditions 100 cc. of the reagent 

require 0.475 gram of anhydrous dextrose for complete reduction and the formula 

, 100 X 0.475 ^ , , ^ 

becomes r— r ■» per cent of dextrose. 

52 General Oranmetric Method, — Tentative. . 

Proceed as directed under 25 and obtain, from 27, the weight of dextrose equiv- 
alent to the weight of copper reduced. 

Allihn Gravimetric Method.— TentaHve. 

53 BBAGSNT. 

Allihn' s Modification of Fehling'e Solution. — ^Prepare by mixing, immediately 
before use, equal volumes of (a) and (b). 

(a) Copper sulphate eoltUion. — Dissolve 34.839 grams of copper sulphate 
(CuS045HtO) in water and dilute to 500 cc. 

(b) Alkaline tartrate eolution. — Dissolve 173 grams of Rochelle salts and 125 
grams of potassium hydroxid in water and dilute to 500 cc. 

54 DSTEBMINATION. 

Place 30 cc. of the copper sulphate solution, 30 cc. of the alkaline tartrate solu- 
tion, and 60 cc. of water in a beaker and heat to boiling. Add 25 cc. of the solution 
of the material to be examined, prepared so as not to contain more than 0.25 gram 
of dextrose, and boil for exactly 2 minutes, keeping the beaker covered. Filter 
immediately through asbestos, and obtain the weight of copper by one of the methods 
given under 26, 29-34 inclusive. The corresponding weight of dextrose is found 
in 55. 
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foods and feeding stuffs 

Table 7.— Aluhn's Table." 

Fcr the determination of dextrose, 

lExpraased in milUgmns.] 



107 



OOPPBB 


ou- 

PBOUB 
OXID 


DBX- 
TBOSB 


COPPBB 


CtJ- 
PBOUB 
OaTD 


DXX- 
TROSB 


COPPBB 


cu- 

PBOUB 
OXID 


DBX- 
TBOSB 


COPPBB 


cu- 

PBOUB 
OXID 


DBX- 
TBOBB 


11 


12.4 


6.6 


71 


79.9 


36.8 


181 


147.5 


66.7 


191 


215.0 


97.8 


IS 


13.5 


7.1 


72 


81.1 


86.8 


132 


148.6 


67.2 


192 


216.2 


98.4 


IS 


14.6 


7.6 


73 


82.2 


87.3 


133 


149.7 


67.7 


193 


217.3 


98.9 


14 


15.8 


8.1 


74 


83.3 


37.8 


184 


150.9 


68.2 


194 


218.4 


99.4 


15 


16.9 


8.6 


76 


84.4 


38.8 


135 


152.0 


68.8 


195 


219.5 


100.0 


16 


18.0 


9.0 


76 


85.6 


88.8 


136 


158.1 


69.3 


196 


220.7 


100.5 


17 


19.1 


9.5 


77 


86.7 


39.8 


137 


154.2 


69.8 


197 


221.8 


101.0 


18 


20.3 


10.0 


78 


87.8 


39.8 


188 


155.4 


70.8 


198 


222.9 


101.5 


19 


21.4 


10.5 


79 


88.9 


40.3 


189 


166.5 


70.8 


199 


224.0 


102.0 


20 


22.5 


11.0 


80 


90.1 


40.8 


140 


157.6 


71.3 


200 


226.2 


102.0 


21 


23.6 


11.5 


81 


91.2 


41.8 


141 


158.7 


71.8 


201 


226.8 


103.1 


22 


24.8 


13.0 


82 


92.3 


41.8 


142 


159.9 


723 


202 


227.4 


103.7 


28 


25.9 


12.5 


83 


93.4 


42.3 


148 


161.0 


72.9 


203 


228.5 


104.2 


24 


27.0 


13.0 


84 


94.6 


42.8 


144 


162.1 


73.4 


204 


229.7 


104.7 


25 


28.1 


13.5 


85 


95.7 


43.4 


145 


163.2 


73.9 


205 


230.8 


105.8 


28 


29.8 


14.0 


86 


96.8 


43.9 


146 


164.4 


74.4 


206 


231.9 


105.8 


27 


80.4 


14.5 


87 


97.9 


44.4 


147 


165.5 


74.9 


207 


283.0 


106.8 


28 


81.5 


15.0 


88 


99.1 


44.9 


148 


166.6 


75.5 


206 


234.2 


106.8 


20 


82.7 


15.5 


80 


100.2 


45.4 


149 


167.7 


76.0 


209 


235.8 


107.4 


80 


88.8 


16.0 


90 


101.3 


•45.9 


150 


168.9 


76.5 


210 


236.4 


107.9 


81 


84.9 


16.5 


91 


102.4 


46.4 


151 


170.0 


77.0 


211 


237.6 


108.4 


82 


86.0 


17.6 


92 


103.6 


46.9 


152 


171.1 


77.5 


212 


238.7 


109.0 


88 


87.2 


17.5 


98 


104.7 


47.4 


153 


172.3 


78.1 


213 


239.8 


109.5 


84 


88.3 


18.0 


94 


105.8 


47.9 


154 


173.4 


78.6 


214 


240.9 


110.0 


85 


89.4 


18.5 


95 


107.0 


48.4 


155 


174.5 


79.1 


215 


242.1 


110.6 


86 


405 


18.9 


96 


108.1 


48.9 


156 


175.6 


79.6 


216 


243.2 


111.1 


87 


41.7 


19.4 


97 


109.2 


49.4 


157 


176.8 


80.1 


217 


244.8 


111.0 


88 


42.8 


19.9 


98 


110.8 


49.9 


158 


177.9 


80.7 


218 


245.4 


112.1 


88 


43.9 


20.4 


99 


111.5 


50.4 


159 


179.0 


81.2 


219 


246.6 


112.7 


40 


45.0 


20.9 


100 


112.6 


50.9 


160 


«80.1 


81.7 


220 


247.7 


113.8 


41 


46.2 


21.4 


101 


113.7 


51.4 


161 


181.8 


82.2 


221 


248.7 


113.7 


42 


47.8 


21.9 


102 


114.8 


51.9 


162 


182.4 


82.7 


222 


249.9 


114.8 


48 


48.4 


22.4 


103 


116.0 


52.4 


163 


188.5 


83.3 


828 


251.0 


114.8 


44 


49.5 


22.9 


104 


117.1 


52.9 


164 


184.6 


83.8 


224 


252.4 


115.8 


45 


50.7 


23.4 


106 


118.2 


53.5 


165 


185.8 


84.8 


225 


253.3 


115.9 


46 


51.8 


28.9 


106 


119.3 


54.0 


166 


186.9 


84.8 


236 


254.4 


116.4 


47 


52.9 


24.4 


107 


120.5 


54.5 


167 


188.0 


85.8 


227 


255.6 


116.9 


48 


54.0 


24.9 


106 


121.6 


55.0 


168 


189.1 


85.9 


228 


256.7 


117.4 


40 


55.2 


25.4 


109 


122.7 


55.5 


169 


190.3 


86.4 


229 


257.8 


118.0 


60 


56.8 


35.9 


110 


123.8 


56.0 


170 


191.4 


86.9 


230 


258.9 


118.5 


51 


57.4 


26.4 


111 


125.0 


56.5 


171 


192.5 


87.4 


231 


260.1 


119.0 


52 


58.5 


26.9 


112 


126.1 


57,0 


172 


193.6 


87.9 


232 


261.2 


119.0 


53 


59.7 


27,4 


113 


127.2 


57.5 


173 


194.8 


88.5 


283 


262.8 


120.1 


54 


60.8 


27.9 


114 


128.3 


58.0 


174 


195.9 


89.0 


234 


263.4 


120.7 


55 


61.9 


28.4 


115 


129.6 


58.6 


175 


197.0 


89.5 


235 


264.6 


121.8 


56 


63.0 


28.8 


116 


180.6 


59.1 


176 


198.1 


90.0 


236 


266.7 


121.7 


57 


64.2 


29.3 


117 


131.7 


59.6 


177 


199.3 


90.5 


237 


266.8 


122.8 


58 


65.3 


29.8 


118 


132.8 


60.1 


178 


200.4 


91.1 


238 


268.0 


122.8 


59 


66.4 


30.3 


119 


134.0 


60.6 


179 


201.5 


91.6 


239 


269.1 


128.4 


60 


67.6 


10.8 


120 


135.1 


61.1 


180 


202.6 


92.1 


240 


270.2 


128.9 


61 


68.7 


31.3 


121 


136.2 


61.6 


181 


203.8 


92.6 


241 


271.8 


124.4 


68 


69.8 


31.8 


122 


137.4 


62.1 


182 


204.9 


93.1 


242 


272.5 


125.0 


63 


70.9 


32.8 


128 


138.5 


62.6 


183 


206.0 


93.7 


243 


273.6 


125.5 


64 


72.1 


32.8 


124 


130.6 


63 1 


184 


207.1 


94.2 


244 


274.7 


126.0 


65 


73.2 


33.3 


125 


140.7 


63.7 


185 


208.3 


94.7 


245 


275.8 


126.0 


66 


74.3 


33.8 


126 


141.9 


64.2 


186 


209.4 


95.2 


246 


277.0 


127.1 


67 


75.4 


31.3 


127 


143.0 


64.7 


187 


210.5 


95.7 


247 


278.1 


127.0 


68 


76.6 


34.8 


128 


144.1 


65.2 


188 


211.7 


96.3 


248 


279.2 


128.1 


69 


n.7 


35.3 


129 


145.2 


65.7 


189 


212.8 


96.8 


249 


280.3 


128 7 


70 


78.8 


35.8 


130 


146.4 


66.2 


190 


213.9 


97.3 


250 


281.5 


129.8 
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METHODS OF ANALYSIS 

Table 7.— Allihn's Table.— Continued. 

DBxprewBd in millisrams.] 



[Chap. 



OOPPEB 


CU- 
PROUS 
OZID 


DBX- 
TROOB 


COPPBB 


cu- 

PBOUS 
OXID 


DBX- 
TB08B 


COPPBB 


CU- 
PROUS 
OXID 


DBX- 
TBOSB 


COPPBB 


CU- 
PROUS 
OXID 


DBX- 
TBOSB 


261 


382.6 


120.7 


806 


344.5 


150.8 


361 


406.4 


100.6 


416 


468.4 


222.2 


853 


283.7 


130.3 


807 


345.6 


160.4 


362 


407.6 


101.1 


417 


460.5 


222.8 


3fi3 


284.8 


130.8 


808 


346.8 


160.0 


363 


408.7 


101.7 


418 


470.6 


2238 


2M 


386.0 


131.4 


300 


347.0 


161.5 


864 


400.8 


102.3 


410 


471.8 


223.0 


265 


387.1 


131.0 


310 


340.0 


162.0 


365 


410.0 


102 


420 


472.0 


224.5 


266 


288.3 


133.4 


311 


350.1 


162.6 


366 


412.1 


103.4 


421 


474.0 


225.1 


257 


380.3 


133.0 


312 


351.3 


163.1 


367 


413.2 


104.0 


422 


475.6 


2257 


258 


300.5 


133.5 


313 


352.4 


163.7 


368 


414.3 


104.6 


423 


476.2 


2263 


260 


301.6 


IM.l 


314 


353.5 


164.2 


360 


415.4 


105.1 


424 


477 4 


226.0 


260 


303.7 


134.6 


315 


354.6 


164.8 


370 


416 6 


105.7 


425 


478.5 


227.5 


261 


303.8 


135.1 


316 


355.8 


165.3 


371 


417.7 


106.3 


426 


470 6 


228.0 


263 


305.0 


135.7 


317 


356.0 


165 


372 


418.8 


106.8 


427 


480.7 


228.6 


263 


306.1 


136.2 


318 


358.0 


166.4 


373 


420.0 


107.4 


428 


481.0 


220.2 


264 


307.3 


136.8 


310 


350.1 


187.0 


374 


421.1 


108.0 


420 


483.0 


2208 


265 


308.3 


137.3 


320 


360.3 


167.5 


875 


422.2 


108.6 


430 


484.1 


230.4 


266 


200.5 


137.8 


321 


361.4 


168.1 


376 


423.3 


100.1 


431 


485.3 


231.0 


267 


800.6 


138.4 


322 


362.5 


168.6 


377 


424.5 


100.7 


432 


4864 


211.6 


268 


801.7 


138.0 


823 


363.7 


160.2 


378 


425.6 


200.3 


433 


487.5 


232.2 


260 


803.8 


130.5 


324 


364.8 


160.7 


370 


426.7 


200.8 


434 


488.6 


232.8 


270 


804.0 


140.0 


335 


365.0 


170.3 


380 


427.8 


201.4 


435 


480.7 


233.4 


m 


305.1 


140.6 


336 


367.0 


170 


381 


420 


202.0 


436 


400.0 


233.0 


273 


306.3 


141.1 


837 


368.2 


171.4 


382 


430.1 


202.5 


437 


402.0 


234.5 


m 


307.3 


141.7 


338 


360.3 


172.0 


383 


431.2 


203.1 


438 


403.1 


235.1 


m 


80B.5 


142.2 


320 


370.4 


1725 


384 


432.8 


203.7 


430 


404.3 


235.7 


275 


300.6 


142.8 


330 


371.5 


173.1 


385 


433.5 


204.3 


440 


405.4 


236.3 


276 


810.7 


143.3 


331 


372.7 


173.7 


886 


434.6 


204.8 


441 


406.5 


239.0 


277 


811.0 


143.0 


332 


373.8 


174.2 


387 


435.7 


205.4 


442 


407.6 


237.5 


278 


813.0 


144.4 


333 


374.0 


174.8 


888 


436.8 


206.0 


443 


408.8 


238.1 


ro 


314.1 


145.0 


334 


876.0 


175.3 


380 


4.38.0 


2065 


444 


400.0 


238.7 


280 


815.3 


145.5 


335 


877.2 


175.0 


300 


430.1 


207.1 


445 


501.0 


230.8 


281 


316.4 


146.1 


836 


378.8 


176.5 


301 


440.2 


207.7 


446 


502.1 


230.8 


282 


317.5 


146.6 


337 


870.4 


177.0 


302 


441.3 


208.3 


447 


503.2 


240.4 


283 


318.6 


147.2 


338 


380.5 


177.6 


303 


442.4 


208.8 


448 


604.4 


2410 


284 


310.7 


147.7 


330 


381.7 


178.1 


304 


443.6 


200.4 


440 


605.5 


241.6 


285 


320.0 


148.3 


340 


882.8 


178.7 


305 


444.7 


210 


450 


5066 


242.2 


286 


822.0 


148.8 


341 


383.0 


170.3 


806 


445.0 


210.6 


451 


507.8 


242.8 


287 


333 1 


140 4 


342 


385.0 


170.8 


307 


447.0 


211.2 


452 


506.0 


243.4 


288 


324.2 


140.0 


343 


386.2 


180.4 


308 


448.1 


211 7 


453 


510.0 


244.0 


280 


325.4 


150.5 


344 


387.8 


180.0 


300 


440.2 


212.3 


454 


511.1 


244.6 


200 


326.5 


151.0 


845 


388.4 


181.5 


400 


4503 


212.0 


455 


512.3 


245.2 


201 


337.4 


151.6 


846 


380.6 


182.1 


401 


451.5 


213.5 


456 


513.4 


245.7 


203 


328.7 


152.1 


347 


300.7 


182.6 


402 


452.6 


214.1 


457 


514.5 


246.8 


203 


320.0 


152.7 


348 


301.8 


183.2 


403 


453.7 


214.6 


458 


515.6 


246.0 


204 


331.0 


153.2 


340 


302.0 


183.7 


404 


454.8 


215.2 


450 


516.8 


247.5 


205 


332.1 


153.8 


850 


304.0 


184.3 


405 


456.0 


215.8 


460 


517.0 


248.1 


206 


333.3 


154.3 


351 


305.2 


184.0 


406 


457.1 


216.4 


461 


510.0 


248.7 


207 


334.4 


154.0 


352 


306.3 


185.4 


407 


458.2 


217.0 


462 


520.1 


240.3 


208 


335.5 


155.4 


353 


307.4 


186.0 


408 


450.4 


217.5 


463 


521.3 


240.0 


200 


336.6 


156.0 


354 


308.6 


188.6 


400 


460.5 


218.1 








800 


337.8 


156.5 


355 


300.7 


187.2 


410 


461.6 


218.7 








301 


338.0 


157.1 


356 


400.8 


187.7 


411 


462.7 


210.3 








302 


340.0 


157.6 


357 


401 


188.3 


412 


463.8 


210.0 








803 


341.1 


158.2 


858 


403 1 


188 


413 


465.0 


2204 








304 


342 3 


158.7 


350 


m,i 


180.4 


414 


466.1 


221.0 








305 


343 4 


150 3 


360 


40.'i 3 


100 


415 


467 2 


221.6 
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5B REDUCING SUGARS OTHER THAN DEXTROSE. 

Proceed as directed under 54 and multiply the weight of dextrose found in 55 
by the following factors: 

Levulose, 1.093; 
Invert sugar, 1.046; 
Arabinose, 0.969; 
Xylose, 1.017; 

Galactose, 1.114. 

Total Sugars.^^ 
(Applicable to cattle foods.) 

57 PREPARATION OF SOLITTION. 

Place 12 grams of the material in a 300cc. graduated flask, if the substance has an 
acid reaction add 1-3 grams of calcium carbonate, and boil on a steam bath for 1 hour 
with 150 cc. of 50% alcohol by volume, using a small funnel in the neck of the flask 
to condense the vapor. Cool, and allow the mixture to stand several hours, prefer- 
ably overnight. Make up to volimie with neutral 95% alcohol, mix thoroughly, 
allow to settle, transfer 200 cc. to a beaker with a pipette, and evaporate on a steam 
bath to a volmne of 20-30 cc. 

Do not evaporate to dryness, a little alcohol in the residue doing no harm. Trans- 
fer to a 100 cc. graduated flask, and rinse the beaker thoroughly with water, adding 
the rinsings to the contents of the flask. Add enough saturated neutral lead acetate 
solution to produce a flocculent precipitate, shake thoroughly and allow to stand 15 
minutes. Make up to the mark with water, mix thoroughly, and filter through a 
dry filter. Add sufiicient anhydrous sodium carbonate to the filtrate to precipitate 
all the lead, again filter through a dry paper and test the filtrate with a little anhy- 
drous sodiimi carbonate to make sure that all the lead has been removed. 

58 DETERIONATION OF REDUaNG SUGARS* 

Proceed as directed under 26 or 29-34 respectively, employing the Soxhlct 
modification of Fehling's solution and using 25 cc. of the solution (representing 2 
grams of the sample), prepared as directed in 57. Express the results as dextrose 
or invert sugar. 

59 SUCROSE. 

Introduce 50 cc. of the solution, prepared as directed in 57, into a 100 cc. gradu- 
ated flask, add a piece of litmus paper, neutralize with acetic acid, add 5 cc. of con- 
centrated hydrochloric acid and allow the inversion to proceed at room temperature 
as directed under 14 or 16. When inversion is complete, transfer the solution to a 
beaker, neutralize with sodium carbonate, return the solution to th3 100 cc. flask, 
dilute to the mark with water, filter if necessary and determine reducing sugars in 

60 cc. of the solution (representing 2 grams of the sample) as directed in 58, and 
calculate the results as invert sugar. Subtract the per cent of reducing sugars be- 
fore inversion from the per cent of total sugar after inversion, both calculated as 
invert sugar, and multiply the difference by 0.95 to obtain the per cent of sucrose 
present. 

Since the insoluble material of grain or cattle food occupies some space in the 
flask as originally made up, it is necessary to correct for this volume. Results 
of a large number of determinations on various materials have shown the average 
volume of 12 grams of material to be 9 cc, and therefore to obtain the true amount 
of sugars present all results must be multiplied by the factor 0.97. 
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110 METHODS OF ANALYSIS [ClULp. 

STARCH. 

60 Direct Add HydrolyM {Modified Sacheee Method).— Official. 

(In this method there will be included as starch the pentosans and other carbo- 
hydrate bodies present which undergo hydrol3rsis and conversion into reducing 
sugars on boiling with hydrochloric acid.) 

Stir a quantity of the sample, representing 2.&-3 grams of the dry material, in a 
beaker with 50 cc. of cold water for an hour. Transfer to a filter and wash with 
250 cc. of cold water. Heat the insoluble residue for 2} hours with 200 cc. of water 
and 20 cc. of hydrochloric acid (sp. gr. 1.125) in a flask provided with a reflux con- 
denser. Cool, and nearly neutralise with sodium hydroxid. Complete the volume 
to 250 cc, filter, and determine the dextrose in an aliquot of the filtrate as directed 
under 52 or 54. The weight of the dextrose obtained multiplied by 0.90 gives the 
weight of starch. 

The factor 0.9 is the theoretical ratio between starch and glucose but, according 
to Noyes^'and other investigators, the factor 0.93 more nearly approaches the actual 
jrield. 

DiMtMe Method with Subsequent Acid Hydrolysis. — Tentative. 

61 BBAGBNT. 

Malt extract.— Digest 10 grams of fresh, finely ground malt for 2rZ hours at or- 
dinary temperature with 200 cc. of water and filter. Determine the amount of dex- 
trose in a given quantity of the filtrate after boiling with acid, etc., as in the starch 
determination, and make the proper correction in the subsequent determination. 

62 DETERMINATION. 

Extract a convenient quantity of the substance (ground to an impalpable powder 
and representing 4-5 grams of the dry material) on a hardened filter with 5 successive 
portions of 10 cc. of ether ; wash with 150 cc. of 10% alcohol and then with a little strong 
alcohol. Place the residue in a beaker with 50 cc. of water, immerse the beaker in boil- 
ing water, and stir constantly for 15 minutes or until all the starch is gelatinised; cool 
to 55*C., add 20 cc. of malt extract, and maintain at this temperature for an hour. 
Heat again to boiling for a few minutes, cool to55*^C., add 20 cc. of malt extract, and 
maintain at this temperature for an hour or until the residue treated with iodin shows 
no blue color upon microscopic examination. Cool, make up directly to 250 cc, and 
filter. Place 200 cc. of the filtrate in a flask with 20 cc. of hydrochloric acid (sp. gr. 
1.125) ; connect with a reflux condenser and heat in a boiling water bath for 2\ hours. 
Cool, nearly neutralise with sodium hydroxid solution, finish the neutralisation 
with sodium carbonate solution, and make up to 500 cc. Mix the solution well, pour 
through a dry filter, and determine the dextrose in an aliquot as directed under 
82 or 54. Conduct a blank determination upon the same volume of the malt 
extract as used upon the sample and correct the weight of reduced copper accord- 
ingly. The weight of the dextrose obtained multiplied by 0.90 gives the weight of 
starch. 

PBirrOSANS.— TENTATIVB. 

63 REAGENT. 

Phloroglucin. — Dissolve a small quantity of the phloroglucin in a few drops of 
acetic anhydrid, heat almost to boiling, and add a few drops of concentrated sul- 
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Vni] FOODS AND FEEDING STUFFS 111 

phuric acid. A violet color indicates the presence of diresorcin. A phloroglucin 
which gives more than a faint coloration may be purified by the following method: 
Heat in a beaker about 300 cc. of hyd ^ochloric acid (sp. gr. 1.06) and 11 grams of 
commercial phloroglucin, added in small quantities at a time, stirring constantly 
until it has almost entirely dLsoolved. Pour the hot solution into a sufficient quan- 
tity of the same hydrochloric acid (cold) to make the volume 1500 cc. Allow it 
to stand at least overnight, preferably several da3rs, to permit the diresorcin to 
crjTstallise out. Filter immediately before using. A yellow tint does not inter- 
fere with its usefulness. In using it, add the volume containing the required amount 
to the distillate. 

64 DETERMINATION. 

Place a quantity of the material, 2-6 grams, chosen so that the weight of phloro- 
glucid obtained shall not exceed 0.300 gram, in a 300 cc. distillation flask, together 
with 100 cc. of 12% hydrochloric acid (sp. gr. 1.06), and several pieces of recently 
heated pumice stone. Place the flask on a wire gause, connect with a condenser, 
and heat, rather gently at first, and regulate so as to distil over 30 cc. in about 10 
minutes, the distillate passing through a small filter paper. Replace the 30 co. 
.distilled by a like quantity of the dilute acid, added by means of a separatory funnel 
in such a manner as to wash down the particles adhering to the sides of the flask, and 
continue the process until the distillate amounts to 360 cc. To the total distillate 
add gradually a quantity of phloroglucin dissolved in 12% hydrochloric acid and 
stir thoroughly the resulting mixture. The amount of phloroglucin used should be 
about double that of the furfural expected. The solution turns first yellow, then 
green, and very soon an amorphous greenish precipitate appears, which grows 
darker rapidly, till it becomes finally almost black. Make the solution up to 400 
cc. with 12% hydrochloric acid, and allow to stand overnight. 

Filter the amorphous black precipitate into a tared Gooch crucible through an 
asbestos mat, wash carefully with 150 cc. of water in such a way that the water is 
not entirely removed from the crucible until the very last, then dry for 4 hours at 
the temperature of boiling water, cool and weigh in a weighing bottle, the increase 
in weight being reckoned as furfural phloroglucid. To calculate the furfural, pen- 
tose, or pentosan from the phloroglucid, use the following formulas given by Krdber: 

(1) For a weight of phloroglucid, designated by "a" in the following formulas, 
under 0.03 gram, 

Furfural - (a + 0.0052) X 0.6170. 

Pentoses =- (a + 0.0052) X 1.0170. 

Pentosans » (a + 0.0052) X 0.8949. 

In the above and also in the following formulas, the factor 0.0052 represents the 
weight of phloroglucid which remains dissolved in the 400 cc. of acid solution. 

(2) For a weight of phloroglucid ''a" aver 0.300 gram, 

Furfural =- (a + 0.0052) X 0.5180. 

Pentoses » (a + 0.0052) X 1.0026. 

Pentosans - (a + 0.0052) X 0.8824. 

For a weight of phloroglucid "a" between 0.03 and 0.300 gram use Kr6ber's 
table, 65, or the following formulas in which the factors were calculated from 
Kr5ber's tables by C. A. Browne, " 

Furfural = (a + 0.0052) X 0.5186. 

Pentoses - (a + 0.0052) X 1.0075. 

Pentosans » (a + 0.0052) X 0.8866. 
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Tablb S.^Krober'S Table." 

For DeUrmining Pentoses and Pentosans. 
lEzpreteed In gramt.l 



[Chap. 



mLOBOOLuao 




ABA.BIN08E 


▲BAB AN 


XTL08B 


ZTLAW 


PBNTOBB 


PBMTOSAV 


0.030 


0.0182 


0.0391 


0.0344 


0.0324 


0.0285 


0.0358 


0.0315 


0.031 


0.0188 


0.0402 


0.0354 


0.0333 


0.0293 


0.0368 


0324 


0.032 


0.0193 


0.0413 


0.0363 


0.0342 


0.0301 


0.0378 


o.a^^3 


0.033 


0.0198 


0.0424 


0.0373 


0.0352 


0.0309 


0.0388 


0.0341 


0.034 


0.0203 


0.0435 


0.0383 


0.0361 


0.0317 


0.0398 


0.0350 


0.036 


0.0209 


0.0446 


0.0393 


0.0370 


0.0326 


0.0408 


0.0359 


0.036 


0.0214 


0.0457 


0.0402 


0.0379 


0.0334 


0.0418 


0.0368 


0.037 


0.0219 


0.0468 


0.0412 


0.0388 


0.0342 


0.0428 


0.0377 


0.038 


0.0224 


0.0479 


0.0422 


0.0398 


0.0350 


0.0439 


0.0386 


0.039 


0.0229 


0.0490 


0.0431 


0.0407 


0.0358 


0.0449 


0.0395 


0.040 


0.0235 


0.0501 


0.0441 


0.0416 


0.0366 


0.0459 


0.0404 


0.041 


0.0240 


0.0512 


0.0451 


0.0425 


0.0374 


0.0469 


0.0413 


0.042 


0.0245 


0.0523 


0.0460 


0.0434 


0.0382 


0.0479 


0.0422 


0.043 


0.0250 


0.0534 


0.0470 


0.0443 


0.0390 


0.0489 


0.0431 


0.044 


0.0255 


0.0545 


0.0480 


0.0452 


0.0398 


0.0499 


0.0440 


0.045 


0.0260 


0.0556 


0.0490 


0.0462 


0.0406 


0.0509 


0.0448 


0.046 


0.0266 


0.0567 


0.0499 


0.0471 


0.0414 


0.0519 


0.0457 


0.047 


0.0271 


0.0578 


0.0509 


0.0480 


0.0422 


0.0529 


0.0466 


0.048 


0.0276 


0.0589 


0.0519 


0.0489 


0.0430 


0.0539 


0.0475 


0.049 


0.0281 


0.0600 


0.0528 


0.0498 


0.0438 


0.0549 


0.0484 


0.050 


0.0286 


0.0611 


0.0538 


0.0507 


0.0446 


0.0559 


0.0492 


0.051 


0.0292 


0.0622 


0.0548 


0.0516 


0.0454 


0.0569 


0.0501 


0.052 


0.0297 


0.0633 


0.0557 


0.0525 


0.0462 


0.0579 


0.0510 


0.053 


0.0302 


0.0644 


0.0567 


0.0534 


0.0470 


0.0589 


0.0519 


0.054 


0.0307 


0.0655 


0.0576 


0.0543 


0.0478 


0.0599 


0.0528 


0.055 


0.0312 


0.0666 


0.0586 


0.0553 


0.0486 


0.0610 


0.0537 


0.056 


0.0318 


0.0677 


0.0596 


0.0562 


0.0494 


0.0620 


0.0546 


0.057 


0.0323 


0.0688 


0.0605 


0.0571 


0.0502 


0.0630 


0.0555 


0.058 


0.0328 


0.0699 


0.0615 


0.aS80 


0510 


0.0640 


0.0564 


0.059 


0.0333 


0.0710 


0.0624 


0.0589 


0.0518 


0.0650 


0.0573 


0.060 


0.0338 


0.0721 


0.0634 


0.0598 


0.0526 


0.0660 


0.0581 


0.061 


0.0344 


0.0732 


0.0644 


0.0607 


0.0534 


0.0670 


0.0590 


0.062 


0.0349 


0.0743 


0.0653 


0.0616 


0.0542 


0.0680 


0.0599 


0.063 


0.0354 


0.0754 


0.0663 


0.0626 


0.0550 


0.0690 


0.0608 


0.064 


0.0359 


0.0765 


0.0673 


0.0635 


0.0558 


0.0700 


0.0617 


0.065 


0.0364 


0.0776 


0.0683 


0.0644 


0.0567 


0.0710 


0.0625 


0.066 


0.0370 


0.0787 


0.0692 


0.0653 


0.0575 


0.0720 


0.0634 


0.067 


0.0375 


0.0798 


0.0702 


0.0662 


0.0583 


0.0730 


0.0643 


0.068 


0.0380 


0.0809 


0.0712 


0.0672 


0.0591 


0.0741 


0.0652 


0.069 


0.0385 


0.0820 


0.0721 


0.0681 


0.0599 


0.0751 


0.0661 


0.070 


0.0390 


0.0831 


0.0731 


0.0690 


0.0607 


0.0761 


0.0670 


0.071 


0.0396 


0.0842 


0.0741 


0.0699 


0.0615 


0.0771 


0.0679 


0.072 


0.0401 


0.0853 


0.0750 


0.0708 


0.0623 


0.0781 


0.0688 


0.073 


0.0406 


0.0864 


0.0760 


0.0717 


0.0631 


0.0791 


0.0697 


0.074 


0.0411 


0.0875 


0.0770 


0.0726 


0.0639 


0.0801 


0.0706 
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Table 8.— Krober'S Table.— Continued. 

(Expressed in crams.) 
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FXJBrURAL 
PHLOHOOI.UCID 




ARABINClSB 


1 

ARABAN 


XTLOBB 


XTLAM 




PKMTOSAIV 


0.075 


0.0416 


0.0886 


0.0780 


0.0736 


0.0647 


0.0811 


0.0714 


0.076 


0.0422 


0.0897 


0.0789 


0.0745 


0.0655 


0.0821 


0.0722 


0.077 


0.0427 


0.0908 


0.0799 


0.0754 


0.0663 


0.0831 


0.0731 


0.078 


0.0432 


0.0919 


0.0809 


0.0763 


0.0671 


0.0841 


0.0740 


0.079 


0.0437 


0.0930 


0.0818 


0.0772 


0.0679 


0.0851 


0.0749 


0.080 


0.0442 


0.0941 


0.0828 


0.0781 


0.0687 


0.0861 


0.0758 


0.081 


0.0448 


0.0952 


0.0838 


0.0790 


0.0695 


0.0871 


0.0767 


0.082 


0.0453 


0.0963 


0.0847 


0.0799 


0.0703 


0.0881 


0.0776 


0.083 


0.0458 


0.0974 


0.0857 


0.0808 


0.0711 


0.0891 


0.0786 


0.084 


0.0463 


0.0985 


0.0867 


0.0817 


0.0719 


0.0901 


0.0794 


0.085 


0.0468 


0.0996 


0.0877 


0.0827 


0.0727 


0.0912 


0.0803 


0.086 


0.0474 


0.1007 


0.0886 


0.0836 


0.0735 


0.0922 


0.0812 


0.087 


0.0479 


0.1018 


0.0896 


0.0845 


0.0743 


0.0932 


0.0821 


0.088 


0.0484 


0.1029 


0.0906 


0.0854 


0.0751 


0.0942 


0.0830 


0.089 


0.0489 


0.1040 


0.0915 


0.0863 


0.0759 


0.0952 


0.0838 


0.090 


0.0494 


0.1051 


0.0925 


0.0872 


0.0767 


0.0962 


0.0847 


0.091 


0.0499 


0.1062 


0.0935 


0.0881 


0.0775 


0.0972 


0.0856 


0.092 


0.0505 


0.1073 


0.0944 


0.0890 


0.0783 


0.0982 


0.0865 


0.093 


0.0510 


0.1084 


0.0954 


0.0900 


0.0791 


0.0992 


0.0874 


0.094 


0.0515 


0.1095 


0.0964 


0.0909 


0.0800 


0.1002 


0.088a 


0.095 


0.0520 


0.1106 


0.0974 


0.0918 


0.0808 


0.1012 


0.0891 


0.096 


0.a'>25 


0.1117 


0.0983 


0.0927 


0.0816 


0.1022 


0.0899 


0.097 


0.0531 


0.1128 


0.0993 


0.0936 


0.0824 


0.1032 


0.0908 


0.098 


0.0636 


0.1139 


0.1003 


0.0946 


0.0832 


0.1043 


0.0917 


0.099 


0.0541 


0.1150 


0.1012 


0.0955 


0.0840 


0.1053 


0.0926 


0.100 


0.0546 


0.1161 


0.1022 


0.0964 


0.0848 


0.1063 


0.0935 


0.101 


0.0551 


0.1171 


0.1032 


0.0973 


0.0856 


0.1073 


0.0944 


0.102 


0.0557 


0.1182 


0.1041 


0.0982 


0.0864 


0.1083 


0.0953 


0.103 


0.0562 


0.1193 


0.1051 


0.0991 


0.0872 


0.1093 


0.0962 


0.104 


0.0567 


0.1204 


0.1060 


0.1000 


0.0880 


0.1103 


0.0971 


0.105 


0.0572 


0.1215 


0.1070 


0.1010 


0.0888 


0.1113 


0.0979 


0.106 


0.0577 


0.1226 


0.1080 


0.1019 


0.0896 


0.1123 


0.0988 


0.107 


0.0582 


0.1237 


0.1089 


0.1028 


0.0904 


0.1133 


0.0997 


0.108 


0.0588 


0.1248 


0.1099 


0.1037 


0.0912 


0.1143 


0.1006 


0.109 


0.0593 


0.1259 


0.1108 


0.1046 


0.0920 


0.1153 


0.1015 


0.110 


0.0598 


0.1270 


0.1118 


0.1055 


0.0928 


0.1163 


0.1023 


0.111 


0.0603 


0.1281 


0.1128 


0.1064 


0.0936 


0.1173 


0.1032 


0.112 


0.0608 


0.1292 


0.1137 


0.1073 


0.0944 


0.1183 


0.1041 


0.113 


0.0614 


0.1303 


0.1147 


0.1082 


0.0952 


0.1193 


0.1050 


0.114 


0.0619 


0.1314 


0.1156 


0.1091 


0.0960 


0.1203 


0.1059 


0.115 


0.0624 


0.1325 


0.1166 


0.1101 


0.0968 


0.1213 


0.1067 


0.116 


0.0629 


0.1336 


0.1176 


0.1110 


0.0976 


0.1223 


0.1076 


0.117 


0.0634 


0.1347 


0.1185 


0.1119 


0.0984 


0.1233 


0.1085 


0.118 


0.0640 


0.1358 


0.1195 


0.1128 


0.0992 


0.1243 


0.1094 


0.119 


0.0645 


0.1369 


0.1204 


0.1137 


0.1000 


0.1253 


0.1103 
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METHODS OF ANALYSIS 

Table 8.— Krober'S Tablb.— Continued. 

lEspresMd in gnuiit.1 



[Chap. 



rUBrURAL 
PSLOROOLUOED 




▲RABxiroaB 


ARABAM 


ZTLOSB 


ZTLAW 


PBHTOBB 


mrrosAjr 


0.120 


0.0650 


0.1380 


0.1214 


0.1146 


0.1008 


0.1263 


0.1111 


0.121 


0.0655 


0.1391 


0.1224 


0.1155 


0.1016 


0.1273 


0.1120 


0.122 


0.0660 


0.1402 


0.1233 


0.1164 


0.1024 


0.1283 


0.1129 


0.123 


0.0665 


0.1413 


0.1243 


0.1173 


0.1032 


0.1293 


0.1138 


0.124 


0.0671 


0.1424 


0.1253 


0.1182 


0.1040 


0.1303 


0.1147 


0.125 


0.0676 


0.1435 


0.1263 


0.1192 


0.1049 


0.1314 


0.1156 


0.126 


0.0681 


0.1446 


0.1272 


0.1201 


0.1057 


0.1324 


0.1165 


0.127 


0.0686 


0.1457 


0.1282 


0.1210 


0.1065 


0.1334 


0.1174. 


0.128 


0.0691 


0.1468 


0.1292 


0.1219 


0.1073 


0.1344 


0.1183 


0.120 


0.0697 


0.1479 


0.1301 


0.1228 


0.1081 


0.1354 


0.1192 


0.130 


0.0702 


1490 


0.1311 


0.1237 


0.1080 


0.1364 


0.1201 


0.131 


0.0707 


0.1501 


0.1321 


0.1246 


0.1097 


0.1374 


0.1210 


0.132 


0.0712 


0.1512 


0.1330 


0.1255 


0.1105 


0.1384 


0.1219 


0.133 


0.0717 


0.1523 


0.1340 


0.1264 


0.1113 


0.1394 


0.1227 


0.134 


0.0723 


0.1534 


0.1350 


0.1273 


0.1121 


0.1404 


0.1236 


0.135 


0.0728 


0.1545 


0.1360 


0.1283 


0.1129 


0.1414 


0.1244 


0.136 


0.0733 


0.1556 


0.1369 


0.1292 


0.1137 


0.1424 


0.1253 


0.137 


0.0738 


0.1567 


0.1379 


0.1301 


0.1145 


0.1434 


0.1262 


0.138 


0.0743 


0.1578 


0.1389 


0.1310 


0.1153 


0.1444 


0.1271 


0.130 


0.0748 


0.1589 


0.1398 


0.1319 


0.1161 


0.1454 


0.1280 


0.140 


0.0754 


0.1600 


0.1408 


0.1328 


0.1169 


0.1464 


0.1288 


0.141 


0.0759 


0.1611 


0.1418 


0.1337 


0.1177 


0.1474 


0.1297 


0.142 


0.0764 


0.1622 


0.1427 


0.1346 


0.1185 


0.1484 


0.1306 


0.143 


0.0769 


0.1633 


0.1437 


0.1355 


0.1193 


0.1494 


0.1315 


0.144 


0.0774 


0.1644 


0.1447 


0.1364 


0.1201 


0.1504 


0.1324 


0.145 


0.0780 


0.1655 


0.1457 


0.1374 


0.1209 


0.1515 


0.1333 


0.146 


0.0785 


0.1666 


0.1466 


0.1383 


0.1217 


0.1525 


0.1342 


0.147 


0.0790 


0.1677 


0.1476 


0.1392 


0.1225 


0.1535 


0.1351 


0.148 


0.0795 


0.1688 


0.1486 


0.1401 


0.1233 


0.1545 


0.1360 


0.140 


0.0800 


0.1699 


0.1495 


0.1410 


0.1241 


0.1555 


0.1369 


0.150 


0.0805 


0.1710 


0.1505 


0.1419 


0.1240 


0.1565 


0.1377 


0.151 


0.0811 


0.1721 


0.1515 


0.1428 


9.1257 


0.1575 


0.1386 


0.152 


0.0816 


0.1732 


0.1524 


0.1437 


0.1265 


0.1585 


0.1395 


0.153 


0.0821 


0.1743 


0.1534 


0.1446 


0.1273 


0.1595 


0.1404 


0.154 


0.0826 


0.1754 


0.1544 


0.1455 


0.1281 


0.1605 


0.1413 


0.156 


0.0831 


0.1765 


0.1554 


0.1465 


0.1289 


0.1615 


0.1421 


0.156 


0.0837 


0.1776 


0.1563 


0.1474 


0.1297 


0.1625 


0.1430 


0.157 . 


0.0842 


0.1787 


0.1573 


0.1483 


0.1305 


0.1635 


0.1439 


0.158 


0.0847 


0.1798 


0.1583 


0.1492 


0.1313 


0.1645 


0.1448 


0.159 


0.0852 


0.1809 


0.1592 


0.1501 


0.1321 


0.1655 


0.1457 


0.160 


0.0857 


0.1820 


0.1602 


0.1510 


0.1329 


0.1665 


0.1465 


0.161 


0.0863 


0.1831 


0.1612 


0.1519 


0.1337 


0.1675 


0.1474 


0.162 


0.0868 


0.1842 


0.1621 


0.1528 


0.1345 


0.1685 


0.1483 


0.163 


0.0873 


0.1853 


0.1631 


0.1537 


0.1353 


0.1695 


0.1492 


0.164 


0.0878 


0.1864 


0.1640 


0.1546 


0.1361 


0.1705 


0.1501 
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rBLOBOOLUaD 


FUBFUBAL 


ABABXNOSB 


ABABAN 


ZTL08B 


XTLAM 


PBKTOSB 


PBHTOSAK 


0.165 


0.0883 


0.1875 


0.1650 


0.1556 


0.1369 


0.1716 


0.1510 


0.106 


0.0888 


0.1886 


0.1660 


0.1565 


0.1377 


0.1726 


0.1519 


0.167 


0.0894 


0.1897 


0.1669 


0.1574 


0.1385 


0.1736 


0.1528 


0.168 


0.0899 


0.1908 


0.1679 


0.1583 


0.1393 


0.1746 


0.1537 


0.169 


0.0904 


0.1919 


0.1688 


0.1592 


0.1401 


0.1756 


0.1546 


0.170 


•0.0909 


0.1930 


0.1698 


0.1601 


0.1409 


0.1766 


0.1554 


0.171 


0.0914 


0.1941 


0.1708 


0.1610 


0.1417 


0.1776 


0.1563 


0.172 


0.0920 


0.1952 


0.1717 


0.1619 


0.1425 


0.1786 


0.1572 


0.173 


0.0925 


0.1963 


0.1727 


0.1628 


0.1433 


0.1796 


0.1581 


0.174 


0.0930 


0.1974 


0.1736 


0.1637 


0.1441 


0.1806 


0.1590 


0.176 


0.0935 


0.1985 


0.1746 


0.1647 


0.1449 


0.1816 


0.1598 


0.176 


0.0940 


0.1996 


0.1756 


0.1656 


0.1457 


0.1826 


0.1607 


0.177 


0.0946 


0.2007 


0.1765 


0.1665 


0.1465 


0.1836 


0.1616 


0.178 


0.0951 


0.2018 


0.1775 


0.1674 


0.1473 


0.1846 


0.1625 


0.179 


0.0956 


0.2029 


0.1784 


0.1683 


0.1481 


0.1856 


0.1634 


0.180 


0.0961 


0.2039 


0.1794 


0.1692 


0.1489 


0.1866 


0.1642 


0.181 


0.0966 


0.2050 


0.1804 


0.1701 


0.1497 


0.1876 


0.1651 


0.182 


0.0971 


0.2061 


0.1813 


0.1710 


0.1505 


0.1886 


0.1660 


0.183 


0.0977 


0.2072 


0.1823 


0.1719 


0.1513 


0.1896 


0.1669 


0.184 


0.0982 


0.2082 


0.1832 


0.1728 


0.1521 


0.1906 


0.1678 


0.185 


0.0987 


0.2093 


0.1842 


0.1738 


0.1529 


0.1916 


0.1686 


0.186 


0.0992 


0.2104 


0.1851 


0.1747 


0.1537 


0.1926 


0.1695 


0.187 


0.0997 


0.2115 


0.1861 


0.1756 


0.1545 


0.1936 


0.1704 


0.188 


0.1003 


0.2126 


0.1870 


0.1765 


0.1553 


0.1946 


0.1712 


0.189 


0.1008 


0.2136 


0.1880 


0.1774 


0.1561 


0.1955 


0.1721 


0.190 


0.1013 


0.2147 


0.1889 


0.1783 


0.1569 


0.1965 


0.1729 


0.191 


0.1018 


0.2158 


0.1899 


0.1792 


0.1577 


0.1975 


0.1738 


0.192 


0.1023 


0.2168 


0.1908 


0.1801 


0.1585 


0.1985 


0.1747 


0.193 


0.1028 


0.2179 


0.1918 


0.1810 


0.1593 


0.1995 


0.1756 


0.194 


0.1034 


0.2190 


0.1927 


0.1819 


0.1601 


0.2005 


0.1764 


0.195 


0.1039 


0.2201 


0.1937 


0.1829 


0.1609 


0.2015 


0.1773 


0.196 


0.1044 


0.2212 


0.1946 


0.1838 


0.1617 


0.2025 


0.1782 


0.197 


0.1049 


0.2222 


0.1956 


0.1847 


0.1625 


0.2035 


0.1791 


0.198 


0.1054 


0.2233 


0.1965 


0.1856 


0.1633 


0.2045 


0.1800 


0.199 


0.1059 


0.2244 


0.1975 


0.1865 


0.1641 


0.2055 


0.1808 


0.200 


0.1065 


0,2255 


0.1984 


0.1874 


0.1649 


0.2065 


0.1817 


0.201 


0.1070 


0.2266 


0.1994 


0.1883 


0.1657 


0.2075 


0.1826 


0.202 


0.1075 


0.2276 


0.2003 


0.1892 


0.1665 


0.2085 


0.1835 


0.203 


0.1080 


0.2287 


0.2013 


0.1901 


0.1673 


0.2095 


0.1844 


0.204 


0.1085 


0.2298 


0.2022 


0.1910 


0.1681 


0.2105 


0.1853 


0.205 


0.1090 


0.2309 


0.2032 


0.1920 


0.1689 


0.2115 


0.1861 


0.206 


0.1096 


0.2320 


0.2041 


0.1929 


0.1697 


0.2125 


0.1869 


0.207 


0.1101 


0.2330 


0.2051 


0.1938 


0.1705 


0.2134 


0.1878 


0.208 


0.1106 


0.2341 


0.2060 


0.1947 


0.1713 


0.2144 


0.1887 


0.209 


0.1111 


0.2352 


0.2069 


0.1956 


0.1721 


0.2154 


0.1896 
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Table 8.— Krober*8 TABLE.—<:)ontmaed. 

(Ezpreaaed in grams.) 



[Chap. 



rURrUBAL 
PKLOROGLUaD 


PDBPUKAL 


▲BABXirOBB 




XTUmm 


XTLAW 


FBNTOSB 


PENTOAAir 


0.210 


0.1116 


0.2363 


0.2079 


0.1965 


0.1729 


0.2164 


0.1904 


0.211 


0.1121 


0.2374 


0.2089 


0.1975 


0.1737 


0.2174 


0.1913 


0.212 


0.1127 


0.2384 


0.2098 


0.1984 


0.1745 


0.2184 


0.1922 


0.213 


0.1132 


0.2395 


0.2108 


0.1993 


0.1753 


0.2194 


0.1931 


0.214 


0.1137 


0.2406 


0.2117 


0.2002 


0.1761 


0.2204 


0.1940 


0.215 


0.1142 


0.2417 


0.2127 


0.2011 


0.1770 


0.2214 


0.1948 


0.216 


0.1147 


0.2428 


0.2136 


0.2020 


0.1778 


0.2224 


0.1957 


0.217 


0.1152 


0.2438 


0.2146 


0.2029 


0.1786 


0.2234 


0.1966 


0.218 


0.1158 


0.2449 


0.2155 


0.2038 


0.1794 


0.2244 


0.1974 


0.219 


0.1163 


0.2460 


0.2165 


0.2047 


0.1802 


0.2254 


0.1983 


0.220 


0.1168 


0.2471 


0.2174 


0.2057 


0.1810 


0.2264 


0.1992 


0.221 


0.1173 


0.2482 


0.2184 


0.2066 


0.1818 


0.2274 


0.2001 


0.222 


0.1178 


0.2492 


0.2193 


0.2075 


0.1826 


0.2284 


0.2010 


0.223 


0.1183 


0.2503 


0.2203 


0.2084 


0.1834 


0.2294 


0.2019 


0.224 


0.1189 


0.2514 


0.2212 


0.2093 


0.1842 


0.2304 


0.2028 


0.226 


0.1194 


0.2525 


0.2222 


0.2102 


0.1850 


0.2314 


0.2037 


0.226 


0.1199 


0.2536 


0.2232 


0.2111 


0.1858 


0.2324 


0.2046 


0.227 


0.1204 


0.2546 


0.2241 


0.2121 


0.1866 


0.2334 


0.2054 


0.228 


0.1209 


0.2557 


0.2251 


0.2130 


0.1874 


0.2344 


0.2063 


0.229 


0.1214 


0.2568 


0.2260 


0.2139 


0.1882 


0.2354 


0.2072 


0.230 


0.1220 


0.2579 


0.2270 


0.2148 


0.1890 


0.2364 


0.2081 


0.231 


0.1225 


0.2590 


0.2280 


0.2157 


0.1898 


0.2374 


0.2089 


0.232 


0.1230 


0.2600 


0.2289 


0.2166 


0.1906 


0.2383 


0.2097 


0.233 


0.1235 


0.2611 


0.2299 


0.2175 


0.1914 


0.2393 


0.2106 


0.234 


0.1240 


0.2622 


0.2308 


0.2184 


0.1922 


0.2403 


0.2115 


0.235 


0.1245 


0.2633 


0.2318 


0.2193 


0.1930 


0.2413 


0.2124 


0.236 


0.1251 


0.2644 


0.2327 


0.2202 


0.1938 


0.2423 


0.2132 


0.237 


0.1256 


0.2654 


0.2337 


0.2211 


0.1946 


0.2433 


0.2141 


0.238 


0.1261 


0.2665 


0.2346 


0.2220 


0.1954 


0.2443 


0.2150 


0.239 


0.1266 


0.2676 


0.2356 


0.2229 


0.1962 


0.2453 


0.2159 


0.240 


0.1271 


0.2687 


0.2365 


0.2239 


0.1970 


0.2463 


0.2168 


0.241 


0.1276 


0.2698 


0.2375 


0.2248 


0.1978 


0.2473 


0.2176 


0.242 


0.1281 


0.2708 


0.2384 


0.2257 


0.1986 


0.2483 


0.2185 


0.243 


0.1287 


0.2719 


0.2394 


0.2266 


0.1994 


0.2493 


0.2194 


0.244 


0.1292 


0.2730 


0.2403 


0.2275 


0.2002 


0.2503 


0.2203 


0.245 


0.1297 


0.2741 


0.2413 


0.2284 


0.2010 


0.2513 


0.2212 


0.246 


0.1302 


0.2752 


0.2422 


0.2293 


0.2018 


0.2523 


0.2220 


0.247 


0.i:^07 


0.2762 


0.2432 


0.2302 


0.2026 


0.2533 


0.2229 


0.248 


0.1312 


0.2773 


0.2441 


0.2311 


0.2034 


0.2543 


0.2238 


0.249 


0.1318 


0.2784 


0.2451 


0.2320 


0.2042 


0.2553 


0.2247 


0.250 


0.1323 


0.2795 


0.2460 


0.2330 


0.2050 


0.2563 


0.2256 


0.251 


0.1328 


0.2806 


0.2470 


0.2339 


0.2058 


0.2573 


0.2264 


0.252 


0.1333 


0.2816 


0.2479 


0.2348 


0.2066 


0.2682 


0.2272 


0.253 


0.1338 


0.2827 


0.2489 


0.2357 


0.2074 


0.2692 


0.2281 


0.254 


0.1343 


0.2838 


0.2498 


0.2366 


0.2082 


0.2602 


0.2290 
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rURTUHAL 


rUBTURAL 


▲RABIKOSB 


▲■▲■AN 


XTLOBB 


xruai 


PBNTOeB 


PBNTOSAK 


0.266 


0.1349 


0.2849 


0.2608 


0.2376 


0.2090 


0.2612 


0.2299 


0.266 


0.1354 


0.2860 


0.2617 


0.2384 


0.2098 


0.2622 


0.2307 


0.257 


0.1369 


0.2870 


0.2626 


0.2393 


0.2106 


0.2632 


0.2316 


0.268 


0.1364 


0.2881 


0.2636 


0.2402 


0.2114 


0.2642 


0.2326 


0.260 


0.1369 


0.2892 


0.2646 


0.2411 


0.2122 


0.2652 


0.2334 


0.260 


0.1374 


0.2903 


0.2666 


0.2420 


0.2130 


0.2662 


0.2342 


0.261 


0.1380 


0.2914 


0.2666 


0.2429 


0.2138 


0.2672 


0.2361 


0.262 


0.1386 


0.2924 


0.2674 


0.2438 


0.2146 


0.2681 


0.2369 


0.263 


0.1390 


0.2936 


0.2684 


0.2447 


0.2164 


0.2691 


0.2368 


0.264 


0.1396 


0.2946 


0.2693 


0.2466 


0.2162 


0.2701 


0.2377 


0.266 


0.1400 


0.2967 


0.2603 


0.2466 


0.2170 


0.2711 


0.2386 


0.266 


0.1406 


0.2968 


0.2612 


0.2474 


0.2178 


0.2721 


0.2394 


0.267 


0.1411 


0.2978 


0.2622 


0.2483 


0.2186 


0.2731 


0.2403 


0.268 


0.1416 


0.2989 


0.2631 


0.2492 


0.2194 


0.2741 


0.2412 


0.269 


0.1421 


0.3000 


0.2641 


0.2602 


0.2202 


0.2751 


0.2421 


0.270 


0.1426 


0.3011 


0.2660 


0.2611 


0.2210 


0.2761 


0.2429 


0.271 


0.1431 


0.3022 


0.2660 


0.2620 


0.2218 


0.2771 


0.2438 


0.272 


0.1436 


0.3032 


0.2669 


0.2629 


0.2226 


0.2781 


0.2447 


0.273 


0.1442 


0.3043 


0.2679 


0.2538 


0.2234 


0.2791 


0.2466 


0.274 


0.1447 


0.3064 


0.2688 


0.2647 


0.2242 


0.2801 


0.2466 


0.276 


0.1462 


0.3066 


0.2698 


0.2666 


0.2260 


0.2811 


0.2473 


0.276 


0.1467 


0.3076 


0.2707 


0.2666 


0.2268 


0.2821 


0.2482 


0.277 


0.1462 


0.3086 


0.2717 


0.2674 


0.2266 


0.2830 


0.2490 


0.278 


0.1467 


0.3097 


0.2726 


0.2683 


0.2274 


0.2840 


0.2499 


0.279 


0.1473 


0.3108 


0.2736 


0.2692 


0.2282 


0.2860 


0.2608 


0.280 


0.1478 


0.3119 


0.2746 


0.2602 


0.2290 


0.2861 


0.2617 


0.281 


0.1483 


0.3130 


0.2766 


0.2611 


0.2298 


0.2871 


0.2626 


0.282 


0.1488 


0.3140 


0.2764 


0.2620 


0.2306 


0.2880 


0.2534 


0.283 


0.1493 


0.3161 


0.2774 


0.2629 


0.2314 


0.2890 


0.2543 


0.284 


0.1498 


0.3162 


0.2783 


0.2638 


0.2322 


0.2900 


0.2652 


0.286 


0.1604 


0.3173 


0.2793 


0.2647 


0.2330 


0.2910 


0.2661 


0.286 


0.1609 


0.3184 


0.2802 


0.2666 


0.2338 


0.2920 


0.2670 


0.287 


0.1614 


0.3194 


0.2812 


0.2666 


0.2346 


0.2930 


0.2678 


0.288 


0.1619 


0.3206 


0.2821 


0.2674 


0.2364 


0.2940 


0.2687 


0.289 


0.1624 


0.3216 


0.2831 


0.2683 


0.2362 


0.2960 


0.2596 


0.290 


0.1629 


0.3227 


0.2840 


0.2603 


0.2370 


0.2960 


0.2606 


0.291 


0.1636 


0.3238 


0.2860 


0.2702 


0.2378 


0.2970 


0.2614 


0.292 


0.1640 


0.3248 


0.2859 


0.2711 


0.2386 


0.2980 


0.2622 


0.293 


0.1646 


0.3259 


0.2868 


0.2720 


0.2394 


0.2990 


0.2631 


0.294 


0.1660 


0.3270 


0.2878 


0.2729 


0.2402 


0.3000 


0.2640 


0.296 


0.1666 


0.3281 


0.2887 


0.2738 


0.2410 


0.3010 


0.2649 


0.296 


0.1660 


0.3292 


0.2897 


0.2747 


0.2418 


0.3020 


0.2658 


0.297 


0.1566 


0.3302 


0.2906 


0.2756 


0.2426 


0.3030 


0.2666 


0.298 


0.1671 


0.3313 


0.2916 


0.2766 


0.2434 


0.3040 


0.2676 


0.299 


0.1676 


0.3324 


0.2925 


0.2774 


0.2442 


0.3060 


0.2684 


0.300 


0.1681 


0.3336 


0.2935 


0.2784 


0.2450 


C.2060 


0.2693 
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66 OALACTAir.-TBNTATIVB. 

Extract a conyenient quantity of the subatance, repreaenting 2.5-3 grama of the 
dry material, on a hardened filter with 5 aucceaaive portiona of 10 cc. of ether, place 
the extracted reaidue in a beaker, about 5.6 cm. in diameter and 7 cm. deep, together 
with 60 cc. of nitric acid of 1.15 sp. gr., and evaporate the solution to exactly one 
third ita volume in a water bath at a temperature of 04'-96*C. After atanding 24 
houra, add 10 cc. of water to the precipitate, and allow it to atand another 24 houra. 
The mucic acid haa in the meantime cryatalliiedi but it ia mixed with conaiderable 
material only partially oxidised by the nitric acid. Filter the aolution through filter 
paper, waah with 30 cc. of water to remove aa much of the nitric acid aa poaaible, 
and replace the filter and contenta in the beaker. Add 30 cc. of ammonium car- 
bonate aolution, conaiating of 1 part ammonium carbonate, 19 parte water, and 1 
part strong ammonium hydroxid, and heat the mixture on a water bath, at 80*C., 
for 15 minutea, with constant atirring. The ammonium carbonate takea up the 
mucic acid, forming aoluble ammoniiun mucate. Waah the filter paper and con- 
tenta aeveral timea with hot water by decantation, paaaing the waahinga through a 
filter paper, to which finally tranafer the material and thoroughly waah. Evapo- 
rate the filtrate to dryneaa over a water bath, avoiding unneceaaary heating which 
cauaea decompoaition, add 5 cc. of nitric acid of 1.15 ap. gr., atir thoroughly the 
mixture and allow to atand for 30 minutea. The nitric acid decompoaea the am- 
monium mucate, precipitating the mucic acid; collect thia on a tared filter or Gooch, 
waah with 10-15 cc. of water, then with 60 cc. of alcohol, and a number of timea 
with ether, dry at the temperature of boiling water for 3 houra, and weigh. Mul- 
tiply the weight of the mucic acid by 1.33, which givea galactoae, and multiply thia 
product by 0.0 which givea galactan. 

CRUDE FIBBR.— OFFICIAL. 

67 BBAGBNTB. 

(a) LBS% sulphuric acid solution,— ExAct atrength, determined by titration. 

(b) l.f5% sodium hydroxid solution. — Exact atrength, determined by titration. 

68 DBTERBaNATION. 

Extract a quantity of the aubatance, repreaenting about 2 grama of the dry 
material, with ordinary ether, or uae the residue from the determination of the ether 
extract. To thia reaidue in a 500 cc. flaak add 200 cc. of boiling 1.25% aulphuric 
acid; connect the flaak with an inverted condenaer, the tube of which paaaea only a 
short distance beyond the rubber stopper into the flaak, or aimply cover a tall coni- 
cal flaak, which ia well auited for thia determination, with a watch glaaa or abort 
atemmed funnel, boil at once and continue boiling gently for 30 minutea. A blaat 
of air conducted nto the flaak will serve to reduce the frothing of the liquid. Filter 
through linen and wash with boiling water until the washings are no longer acid; 
rinse the substance back into the flask with 200 cc. of boiling, 1.25% solution of 
sodium hydroxid^ free or nearly free from sodium carbonate boil at once, and con- 
tinue boiling gently for 30 minutes as directed above for the treatment with acid, 
filter at once rapidly, and wash with boiling water until the waahinga are neutral. 
The last filtration may be performed upon a Gooch crucible, a linen filter, or a tared 
filter paper. If a linen filter is used, rinse the crude fiber, after washing is completed, 
into a flat-bottomed platinum dish by means of a jet of water; evaporate to dryneaa 
on a steam bath, dry to constant weight at 110*^C., weigh, incinerate completely, 
and weigh again. The loss in weight is considered to be crude fiber. If a tared filter 
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paper is used, weigh in a weighing bottle. In any case the crude fiber after drying 
to constant weight at llO'^C. must be incinerated and the amount of the ash deducted 
from the original weight. 

69 WATBR-SOLUBLB ACIDITY OF FBBDS.^TB1ITATIVB. 

Weigh 10 grams of the sample into a shaking bottle, add 200 cc. of water, and 
shake for 16 minutes. Filter the extract through a folded filter and take a 20 cc. 
aliquot (equivalent to 1 gram of sample) for the titration. Dilute with 50 cc. of 
water and titrate with N/10 sodium hydroxid, using phenolphthalein as indicator. 

In reporting the acidity of feeds, state the results in terms of cc. of N/10 sodium 
hydroxid required for neutralisation. 

BIBLIOGRAPHY. 

> Z. Ver. Zucker-Ind., 1900, 87 (I): 357; 1913, 63 (I): 25; J. Ind. Eng. Chem., 
1913,6:167. 
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K. SACCHARINE PRODUCTS. 

1 PRBPARATION OF SAMPLE.— TBNTATIVB. 

(a) Liquids {molasses, sirups, etc,). — ^Mix materials of this class thoroughly. 
If crystals of sugar are present, dissolve them either by heating gently or by weigh- 
ing the whole mass, then adding water, heating until completely dissolved and 
after cooling, re-weighing. Calculate all results to the weight of the original 
substance. 

(b) Semisolids (jellies, jams, etc.). — ^Weigh 50 grams of the sample into a 250 
cc. graduated flask. Treat with water, fill to the mark and mix thoroughly. If 
insoluble material remains, mix uniformly by shaking before taking aliquots for 
the various determinations. 

(C) Solids (sugar, confectionery, etc.). — Grind and mix thoroughly materials 
of this class to secure uniform samples. 

MOISTURB. 

DRYING METHODS. 

2 SUOARS.-OFFICIAL. 

Dry 2-5 grams in a flat dish (nickel, platinum, or aluminium) at the temperature 
of boiling water for 10 hours; cool in a desiccator and weigh; then dry again for an 
hour or until there is only a slight change in weight. 

With some sugars, more especially those of larse grain, there is danf^er of occlu- 
sion and retention of water. The International Commission for Unifying Methods 
of Sugar Analysis i>rescribe drying at 105M10*^C. for normal beet sugars. This 
temperature is sufficient to expel the last traces of occluded water and is not attended 
with sufficient decomposition to affect the weight of the product. The drying tem- 
perature should never exceed 110*^0^. 

MASSBCUITBS, MOLASSBS, AICI) OTHBR UQXJTD AND SEMIUQUID PRODUCTS. 

3 Dniog agoa Pamiee Stone.—Tentatifa. 

Prepare pimiice stone of two grades of fineness, one of which will pass through 
a 1 mm. sieve, the other through a 6 mm. sieve. Make the determination in flat 
metallic dishes or in shallow, flat-bottomed, weighing bottles. Place a layer of 
the fine pumice stone, 3 mm. in thickness, on the bottom of the dish, then a layer 
of the coarse pumice stone &-10 mm. in thickness, dry and weigh. Dilute the sam- 
ple with a weighed portion of water so that the diluted material shall contain 20- 
30% of solid matter. Weigh into the dish, prepared as described above, an amount 
of the diluted sample to yield, approximately, 1 gram of dry matter. If this weigh- 
ing can not be made rapidly, use a weighing bottle provided with a cork through 
which a pipette passes. Dry in vacuo at 70*^0. to constant weight, making trial 
weighings at intervals of 2 hours. For substances containing little or no levulose 
or other readily decomposable substance, the drying may be made in a water oven 
at the temperature of boiling water. 

4 Dryiof opon Quartz Sand.— TentatlTe. 

Digest pure quartz sand with strong hydrochloric acid, wash, dry, and ignite. 
Preserve in a stoppered bottle. 

121 
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Place 5-7 grams of the prepared sand and a short stirring rod in a flat-bottomed 
dish. Dry thoroughly, cool in a desiccator, and weigh. Then add 3-4 grams of 
the molasses, mix with the sand (if necessary to thoroughly incorporate the two, 
add a little water), dry in a water oven at the temperature of boiling water 
for 8-10 hours, stirring at intervals of an hour, cool in a desiccator, and weigh. 
Stir, heat again for an hour, cool, and weigh. Repeat the heating and weighing 
until the loss of water in an hour is not greater than 3 mg. 

AREOMETRIC METHODS. 

(Not applicable to low-grade sugar products, molasses and other materials 
containing large amounts of non-sugar solids.) 

SPECIFIC GRAVITT* WATER AND TOTAL SOLIDS. 
5 By Mmu of a Sfladl«.-Oflldd. 

The density of juices, sirups, etc., is most conveniently determined by means 
of the Brix hydrometer. For rough work, or where less accuracy Is desired, the 
Baum6 hydrometer may be used. The Brix spindle should be graduated to tenths. 
The range of degrees recorded by each individual spindle should be as limited as 
possible. The solution should be as nearly as practicable of the same tempera- 
ture as the air at the time of reading, and, if the variation from the temperature 
of the graduation of the spindle amounts to more than 1*, a correction must be 
applied according to the table under 6. Before taking the density of a juice, allow 
it to stand in the cylinder until all air bubbles have escaped, and until all fatty or 
waxy matter has come to the surface and been skimmed off. The cylinder should 
be large enough in diameter to allow the hydrometer to come to rest without touch- 
ing the sides. A table of specific gravities at -p^ and per cent by weight of suc- 
rose is given under 9, and a table for the comparison of specific gravities at ■jfjp't 
degrees Brix (per cent by weight of sucrose), and degree Baum6 is given under 8. 

If the sample is too dense to determine the density directly, dilute a weighed 
portion with a weighed quantity of water, or dissolve a weighed portion and dilute 
to a known volume with water. 

In the first instance the per cent of total solids is calculated by the following 
formula: 

WS 

Per cent of solids in the undiluted material » — in which 

w 

S » per cent of solids in the diluted material; 

W B weight of the diluted material; 

w B weight of the sample taken for dilution. 

When the dilution is made to a definite volume, the following formula is to be 
used: 

VDS 

Per cent of solids in the undiluted material » — =r=- in which 

V B volume of the diluted solution at a given temperature; 
D B specific gravity of the diluted solution at -the same temperature; 
S B per cent of solids in the diluted solution at the same temperature; 
W B weight of the sample taken for dilution at the same temperature. 

If the spindle reading be made at any other temperature than 17.5^0., the re- 
sult should be corrected according to the following: 
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Table 9. 

For correctian of the readings of the Brix spindle when made at other than the 
standard temperature, 17.6^C. 





(For temperatures below 17.6**C. the correction is to be subtracted.) 




TCM- 








DBGBBB 
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PBRA- 




























TUBB 





6 


10 


16 


20 


26 


SO 


35 


40 


60 


60 


70 


76 


•c. 




0.17 


0.30 


0.41 


0.62 


0.62 


0.72 


0.82 


0.92 


0.98 


1.11 


1.22 


1.25 


129 


6 


0.23 


0.30 


0.37 


0.44 


0.62 


0.59 


0.65 


0.72 


0.75 


0.80 


088 


0.91 


004 


10 


0.20 


0.26 


0.20 


0.33 


0.36 


0.39 


0.42 


0.45 


0.48 


0.50 


0.54 


0.58 


0.61 


11 


0.18 


0.23 


0.26 


0.28 


0.31 


0.34 


0.38 


0.39 


0.41 


0.43 


0.47 


0.50 


0.63 


12 


0.16 


0.20 


0.22 


0.24 


0.26 


0.29 


0.31 


0.33 


0.34 


0.36 


0.40 


0.42 


0.46 


13 


0.14 


0.18 


0.10 


0.21 


0.22 


0.24 


0.26 


0.27 


0.28 


0.29 


0.33 


0.35 


0.39 


14 


0.12 


15 


0.16 


0.17 


0.18 


0.19 


0.21 


0.22 


0.22 


0.23 


0.26 


0.28 


0.32 


15 


0.09 


0.11 


0.12 


0.14 


0.14 


0.15 


0.16 


0.17 


0.16 


0.17 


0.19 


0.21 


0.25 


16 


0.06 


0.07 


0.08 


0.09 


0.10 


10 


0.11 


0.12 


0.12 


0.12 


0.14 


0.16 


0.18 


17 


0.02 


0.02 


0.03 


0.03 


0.03 


0.04 


0.04 


0.04 


0.04 


0.04 


0.06 


0.06 


0.06 


18 


002 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


0.02 


19 


0.06 


0.08 


0.08 


0.09 


0.09 


0.10 


0.10 


0.10 


0.10 


0.10 


0.10 


0.08 


0.06 


20 


0.11 


0.14 


0.16 


0.17 


0.17 


0.18 


0.18 


0.18 


0.19 


0.19 


0.18 


0.15 


0.11 


21 


0.16 


0.20 


0.22 


0.24 


0.24 


0.26 


0.25 


0.25 


0.26 


0.26 


0.25 


0.22 


0.18 


22 


0.21 


0.26 


0.29 


0.31 


0.31 


0.32 


0.32 


0.32 


0.33 


0.34 


0.32 


0.29 


0.26 


23 


0.27 


0.32 


0.35 


0.37 


0.38 


0.39 


0.39 


0.39 


0.40 


0.42 


0.39 


0.36 


0.33 


24 


32 


0.38 


0.41 


0.43 


0.44 


0.46 


0.46 


0.47 


0.47 


0.60 


0.46 


0.43 


0.40 


26 


0.37 


0.44 


0.47 


0.49 


0.61 


0.63 


0.64 


0.56 


0.56 


0.68 


0.64 


0.61 


0.48 


26 


0.43 


0.60 


0.64 


0.66 


0.68 


0.60 


0.61 


0.62 


0.62 


0.66 


0.62 


0.58 


0.66 


27 


0.49 


0.67 


0.61 


0.63 


0.66 


0.68 


0.68 


0.09 


0.70 


0.74 


0.70 


0.65 


0.62 


28 


0.66 


0.64 


0.68 


0.70 


0.73 


0.76 


0.76 


0.78 


0.78 


0.82 


0.78 


0.72 


0.70 


20 


0.63 


71 


0.75 


0.78 


0.79 


0.84 


0.84 


0.86 


0.86 


0.90 


0.86 


0.80 


0.78 


80 


0.70 


0.78 


0.83 


0.87 


0.87 


0.92 


0.92 


0.94 


0.94 


0.98 


0.94 


0.88 


0.86 


36 


1.10 


1.17 


1.22 


1.24 


1.30 


1.32 


1.33 


1.36 


1.36 


1.39 


1.34 


1.27 


1.26 


40 


1.60 


1.61 


1.67 


1.71 


1.73 


1.79 


1.79 


1.80 


1.82 


1.83 


1.78 


1.69 


1.65 


60 


.... 


2.66 


2.71 


2.74 


2.78 


2.80 


2.80 


2.80 


2.80 


2.79 


2.70 


2.66 


2.61 


00 


• •• . 


3.87 


3.88 


3.88 


3.88 


3.88 


3.88 


3.88 


8.90 


3.82 


3.70 


3.43 


3.41 


70 


.... 


6.17 


6.18 


6.20 


6.14 


6.13 


6.10 


5.08 


5.06 


4.90 


4.72 


4.47 


4.35 


80 


«... 




6.62 


6.59 


6.64 


6.46 


6.38 


6.30 


6.26 


6.06 


6.82 


6.60 


6.33 


90 


.... 


.... 


8.26 


8.16 


8.06 


7.97 


7.83 


7.71 


7.58 


7.30 


6.96 


6.68 


6.37 


100 


.... 


.... 


10.01 


9.87 


9.72 


9.56 


9.39 


9.21 


9.03 


8.64 


8.22 


7.76 


7.42 



Example.— A snugar solution shows a reading of 30.2'' Brix at 30''C. To find the 
necessary correction for the conversion of this reading to the reading which would 
have been obtained if the observation had been made at 17.5^0., find the vertical 
column in the table headed 30^ Brix, which is the nearest to the observed reading. 
Follow down this column until the number is reached which is opposite to the tem- 
perature of observation— in this case 30**. The number found, 0.92, is to be added 
to the observed reading. 



7 By Keant «f a ^ciiometer. — Official. 

20T* 

(a) By specific gravity at -^' — Determine the specific gravity of the solution 

20*C 

at -p-* by means of a pycnometer and ascertain the corresponding per cent by 
weight of sucrose from 9. When the density of the substance is too high for a direct 
determination, dilute and calculate the sucrose content of the original material as 
directed under 5. 

*^ 17 5*C 

(D) By specific gravity at ^y^«— Proceed as directed under (a), the determini^ 

17 5*0 20*G 

tions of specific gravity being made at -^^fjg ' instead of at -^* Ascertain the corre- 
sponding per cent by weight of sucrose from 8. 

The pycnometer determination should not be made at any other temperature 
tnan "-^fjr or "jr- 
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17 S^O 
For the comparison of specific gravities at ' -o' , degrees Brix and degrees Baumi. 



17.6'' 



Degree Baum6 = 146.78 - 



146.78 
sp.gr. 
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1.0 


1.00388 


0.6 


33.0 


1.14423 


18.6 


66.0 


1.31989 


36.6 


2.0 


1.00779 


1.1 


34.0 


1.14916 


19.06 


66.0 


1.32601 


36.1 


3.0 


1.01173 


1.7 


36.0 


1.16411 


19.6 


67.0 


1.33217 


36.6 


4.0 


1.01670 


2.3 


36.0 


1.16911 


20.1 


68.0 


1.33836 


37.1 


6.0 


1.01970 


2.8 


37.0 


1.16413 


20.7 


69.0 


1.34460 


37.6 


6.0 


1.02373 


3.4 


38.0 


1.16920 


21.2 


70.0 


1.36088 


38.1 


7.0 


1.02779 


4.0 


39.0 


1.17430 


21.8 


71.0 


1.36720 


38.6 


8.0 


1.03187 


4.6 


40.0 


1.17943 


22.3 


72.0 


1.36366 


39.1 


9.0 


1.03699 


6.1 


41.0 


1.18460 


22.9 


73.0 


1.36996 


39.6 


10.0 


1.04014 


6.7 


42.0 


1.18981 


23.4 


74.0 


1.37639 


40.1 


11.0 


1.04431 


6.2 


43.0 


1.19606 


23.96 


76.0 


1.38287 


40.6 


12.0 


1.04862 


6.8 


44.0 


1.20033 


24.6 


76.0 


1.38939 


41.1 


13.0 


1.06276 


7.4 


46.0 


1.20666 


26.0 


77.0 


1.39696 


41.6 


14.0 


1.06703 


7.9 


46.0 


1.21100 


26.6 


78.0 


1.40264 


42.1 


16.0 


1.06133 


8.6 


47.0 


1.21639 


26.1 


79.0 


1.40918 


42.6 


16.0 


1.06566 


9.0 


48.0 


1.22182 


26.6 


80.0 


1.41686 


43.1 


17.0 


1.07002 


9.6 


49.0 


1.22728 


27.2 


81.0 


1.42258 


43.6 


18.0 


1.07441 


10.1 


60.0 


1.23278 


27.7 


82.0 


1.42934 


44.1 


19.0 


1.07884 


10.7 


61.0 


1.23832 


28.2 


83.0 


1.43614 


44.6 


20.0 


1.08329 


11.3 


62.0 


1.24390 


28.8 


84.0 


1.44298 


46.1 


21.0 


1.08778 


11.8 


63.0 


1.24961 


29.3 


86.0 


1.44986 


46.5 


22.0 


1.09231 


12.4 


64.0 


1.26617 


29.8 


86.0 


1.45678 


46.0 


23.0 


1.09686 


13.0 


66.0 


1.26086 


30.4 


87.0 


1.46374 


46.5 


24.0 


1.10146 


13.6 


66.0 


1.26668 


30.9 


88.0 


1.47074 


47.0 


26.0 


1.10607 


14.1 


67.0 


1.27236 


31.4 


89.0 


1.47778 


47.45 


26.0 


1.11072 


14.6 


68.0 


1.27816 


31.9 


90.0 


1.48486 


47.9 


27.0 


1.11641 


16.2 


69.0 


1.28400 


32.6 


91.0 


1.49199 


48.6 


28.0 


1.12013 


16.7 


60.0 


1.28989 


33.0 


92.0 


1.49916 


48.9 


29.0 


1.12488 


16.3 


61.0 


1.29681 


33.6 


93.0 


1.60636 


49.4 


30.0 


1.12967 


16.8 


62.0 


1.30177 


34.0 


94.0 


1.61369 


49.8 


31.0 


1.13449 


17.4 


63.0 


1.30777 


34.6 


96.0 


1.62087 


60.3 


32.0 


1.13934 


17.96 


64.0 


1.31381 


36.1 









When the number expressing the specific gravity found by analysis falls between 
the numbers given in the above table, the exact equivalent in degrees Brix or Baum6 
is found by a simple calculation. 

Example. — ^The pycnometer shows the specific gravity of a certain sirup to be 
1.20909. The table shows that the corresponding degree Brix is between 46.0 and 
46.0. Subtracting the specific gravity of a solution of 45** Brix from the correspond- 
ing figure for 46 , we have (expressing the specific gravities as whole numbers) 
121,100 — 120,666 = 635, the difference in specific gravity for 1** Brix at this point 
in the table. Subtracting the specific gravity corresponding to 46** from the spe- 

344 
cific gravity found by analysis, we have 120,909 — 120,666 = 344; r^F = 0.64, the frac- 

ooo 



tion of 1** Brix more than 46** 
is therefore 45.64. 



The degree Brix, corresponding to a sp. gr. of 1.20909, 
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9 Table 11. 

Denntiea* of soltiiians of cane sugar at $0'*C. 
(This table is the basis for standardizing hydrometers indicating per cent of sugar 



raBCBMT 
SUOAB 




1 
3 

s 

4 

5 
6 
7 
8 

10 
11 
12 
18 

14 

16 
18 
17 
18 
10 

30 
31 
33 
38 
34 

35 
36 
37 
38 
30 

30 
81 
33 
33 
84 

38 
38 
87 
38 
.80 

40 
41 
43 
43 
44 

46 

46 
47 
48 
40 

50 
51 
53 
53 
54 

56 

56 
67 
68 
60 



TBZfTHS or PSB OSMT 



0.008234 
1.003130 
1.006016 
1.000034 
1.013881 

1.017864 
1.021866 
1.036885 
1.030043 
1. 



1.038143 
1.043388 
1.046462 
1.060666 
1.064000 

1.060165 
1.068460 
1.067780 
1.073147 
1.076637 

1.060060 
1.086414 
1.080000 
1.004120 
1.008071 

1.103667 
1.108176 
1.113838 
1.117612 
1.132231 

1.126084 
1.131773 
1.136606 
1.141463 
1.146346 

1.161276 
1.166238 
1.161236 
1.166260 
1.171340 

1.176447 
1.181602 
1.186773 
1.101003 
1.107247 



1.207870 
1.213238 
1.218643 
1.224086 

1.220667 
1.236085 
1.240641 
1.246234 
1.261866 



1.263243 
1.2681 
1.274774 
1.280506 



0.008622 
1.002500 
1.006406 
1.010337 
1.014277 

1.018263 

1.032257 

1.026r 

1.030340 

1.034480 

1.038666 
1.042704 
1.046881 
1.061067 
1.066326 

1.060603 

1.063802 

1.06K 

1.072685 

1.076078 

1.061403 
1.086861 
1.000351 
1.004874 
1.000428 

1.104017 
1.108630 
1.113205 
1.117082 
1.122705 

1.127461 
1.132254 
1.137080 
1.141041 
1.146836 

1.151770 
1.156736 
1.161738 
1.166775 
1.171840 

1.176060 
1.182108 
1.187203 
1.102517 
1.107776 

1.203071 
1.208406 
1.213777 
1.210185 
1.224632 

1.230117 
1.235630 
1.341108 
1.246705 
1.252431 

1.258104 
1.263816 
1.260565 
1.275364 
1.281170 



0.000010 
1.003807 
1.006706 
1.010721 
1.014673 

1.018663 

1.022( 

1.026604 

1.080767 

1.084850 

1.038070 
1.043121 
1.047300 
1.051610 
1.065761 

1.060022 
1.064324 
1.068658 
1.073023 
1.077410 

1.061848 
1.086300 
1.000802 
1.006328 
1.000886 

1.104478 
1.100103 
1.113763 
1.118463 
1.123170 

1.127030 
1.132735 
1.137565 
1.142420 
1.147328 

1.152266 
1.157236 
1.162240 
1.167281 
1.172360 

1.177473 
1.182626 
1.187814 
1.103041 
1.108303 

1.203603 
1.208040 
1.214317 
1.210720 
1.226180 

1.230668 
1.236104 
1.241767 
1.247358 
1.252007 

1.268674 
1.264800 
1.270143 
1.275036 
1.281764 



0.000308 

1.003 

1.007188 

1.011115 

1.015070 

1.010052 
1.038061 
1.027000 
1.031166 
1.036260 



1. 

1.043537 

1.047720 

1.051033 

1.056176 

1.060451 
1.064756 
1.060003 
1.073461 
1.077860 

1.082202 
1.086767 
1.001263 
1.006782 
1.100344 

1.104038 
1.100568 
1.114220 
1.118023 
1.123653 

1.128417 
1.133216 
1.138040 
1.142016 
1.147820 

1.162760 
1.167733 
1.162742 
1.167786 
1.172860 

1.177087 
1.183142 
1.188335 
1.103665 
1 



1.204136 
1.200477 
1.214856 
1.220272 
1.225727 

1.231210 
1.236748 
1.242315 
1.247020 
1.253563 

1.250244 
1.264063 
1.270720 
1.276617 
1.282340 



0.000786 
1.003676 
1.007580 
1.011610 
1.016467 

1.010461 
1.023463 
1.027504 
1.031673 
1.036671 

1.030707 
1.043054 
1.048140 
1.052366 
1.056602 

1.060880 
1.066188 
1.060520 
1.073000 
1.078302 

1.062737 
1.087206 
1.001704 
1.006236 
1.100802 

1.105400 
1.110033 
1.114697 
1.110306 
1.124128 



1. 

1.133608 

1.138534 

1.143405 

1.148313 

1.163266 

1.158233 

1.163245 

1. 

1.173370 

1.178501 
1.183660 
1.188856 
1.104090 
1.100360 

1.204668 
1.210013 
1.215395 
1.220816 
1.226274 

1.231770 
1.237303 
1.242873 
1.248482 
1.264129 

1.259815 
1.265537 
1.271299 
1.277098 
1.282935 



1.000174 
1.004064 
1.007972 
1.011904 
1.016864 

1.010851 
1.023867 
1.027010 
1.081082 
1.036082 

1.040312 
1.041370 
1.018550 
1.052778 
1.067020 

1.061308 
1.065621 
1.060064 
1.074338 
1.078744 

1.063182 
1.087652 
1.002155 
1.006601 
1.101269 

1.106862 
1.110497 
1.115166 
1.119867 
1.124603 

1.129374 
1.134180 
1.139020 
1.143894 
1.148806 

1.153762 
1.168733 
1.163748 
1.168800 
1.173889 

1.179014 
1.184178 
1.189379 
1.194616 
1.199890 



1.: 

1.210549 
1.215936 
1.221360 

1.; 



1 

1.237859 

1.243433 

1.249046 

1.254697 

1.260385 
1.266112 
1.271877 
1.277680 
1.283521 



1.000563 
1.004453 
1.008363 
1.012298 
1.016261 

1.020261 
1.024270 
1.028316 
1.032301 
1.036404 

1.040626 

1.014788 

1.018980 

1.053: 

1.057455 

1.061738 
1.066054 
1.070400 
1.074777 
1.079187 



1. 

1.088101 

1.092607 

1.097147 

1.101718 

1.106324 
1.110963 
1.115635 
1.120339 
1.126079 

1.129863 
1.134663 
1.139506 
1.144384 
1.149298 

1.164249 
1.159333 
1.164252 
1.169307 
1.174400 

1.179627 
1.184696 
1.189901 
1.195141 
1.200420 

1.205733 
1.211086 
1.216476 
1.221904 
1.227371 

1.232874 
1.238414 
1.243992 
1.249609 
1.266264 

1.260965 
1.266686 
1.272455 
1.278262 
1.284107 



1.000962 
1.004844 
1.008766 
1.012694 
1.016669 

1.020661 
1.024673 
1.028722 
1.032800 
1.036906 

1.041041 
1.046206 
1.049401 
1.063626 
1.057882 

1.062168 
1.066487 
1.070836 
1.075217 
1.079629 

1.084074 
1.088560 
1.093060 
1.097603 
1.102177 

1.106786 
1.111429 
1.116104 
1.120812 
1.125565 

1.130332 
1.135146 
1.139993 
1.144874 
1.149792 

1.154746 
1.159733 
1.164756 
1.169815 
1.174911 

1.180044 
1.185215 
1.190123 
1.195667 
1.200950 



1. 

1.211623 

1.217017 

1.222449 

1.227919 

1.233426 
1.238970 
1.244652 
1.260172 
1.265831 

1.261527 
1.267261 
1.273036 
1.278844 
1.284694 



8 



1.001842 
1.005234 
1.009148 
1.013089 
1.017058 

1.021053 
1.025077 
1.029128 
1.033209 
1.037318 

1.041466 
1.046626 
1.049822 
1.064060 
1.068310 

1.062608 
1.066021 
1.071273 
1.075667 
1.080072 

1.084620 
1.080000 
1.003613 
1.008068 
1.102637 

1.107248 
1.111805 
1.116672 
1.121284 
1.126080 

1.130812 
1.135628 
1.140470 
1.145363 
1.150286 

1.156242 
1.160233 
1.165250 
1.170322 
1.176423 

1.180560 
1.185734 
1.100046 
1.106103 
1.201480 

1.206801 
1.212162 
1.217550 
1.222005 
1.228460 

1.233070 
1.230527 
1.245113 
1.250737 
1.256400 



1. 

1.267837 

1.273614 

1 

1.286281 



1.001731 
1.006634 
1.000641 
1.018486 
1.017466 

1.021464 
1.026481 
1.020586 
1.038610 
1.037780 

1.041873 
1.0460a 
1.050248 
1.064476 
1.058737 

1.063020 
1.067366 
1.071710 
1.076007 
1.080616 

1.084067 
1.080460 
1.003066 
1.008514 
1.108007 

1.107711 
1.112361 
1.117043 
1.121757 
1.126607 

1.131202 
1.136113 
1.140066 
1.145854 
1.150780 

1.165740 
1.160734 
1.165764 
1.170831 
1.175036 

1.181076 
1.186263 
1.101460 
1.106720 
1.202010 

1.207336 
1.212700 
1.218101 
1.223640 
1.220018 

1.234532 
1.240084 
1.245673 
1.251301 
1.256067 

1.262671 
1.268413 
1.274104 
1.280011 
1.285860 
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BIETHODS OF ANALYSIS 

Table 11.— Continued. 
Denaities of aoliUiona of cane sugar at tO^C. 



[Chi^. 



PKB OBNT 


TSNTHS OP PBB CBNT 


SUGAR 





1 


2 


3 


4 


5 


6 


7 


8 





60 
61 
62 

63 

64 


1.286456 
1.202354 
1.208201 
1.304267 
1.810282 


1.287044 
1.202046 
1.208886 
1.304867 
1.310886 


1.287633 
1.203530 
1.200483 
1.305467 
1.311480 


1.288222 
1.294131 
1.300070 
1.306068 
1.312003 


1.288811 
1.204725 
1.300677 
1.306660 
1.812600 


1.280401 
1.205318 
1.301274 
1.307271 
1.313304 


1.280001 
1.205911 
1.301871 
1.307872 
1.318909 


1.290581 
1.296506 
1.302470 
1.308475 
1.314516 


1.291172 
1.297100 
1.303068 
1.809077 
1.816121 


1.201768 
1.207006 
1.803668 
1.800680 
1.816718 


65 
66 
67 
68 
60 


1.316334 
1.322425 
1.828554 
1.834722 
1.840028 


1.316041 
1.323036 
1.320170 
1.335342 
1.841651 


1.317540 
1.323648 
1.320785 
1.335061 
1.342174 


1.818167 
1.824260 
1.330401 
1.336581 
1.842708 


1.318766 
1.324872 
1.331017 
1.337200 
1.343421 


1.310374 
1.325484 
1.331633 
1.337821 
1.344046 


1.319983 
1.326097 
1.832250 
1.338441 
1.344671 


1.320693 
1.826711 
1.332868 
1.339063 
1.845296 


1.821203 
1.827325 
1.833486 
1.339684 
1.846922 


1.821814 
1.827940 
1.834103 
1.340800 
1.846647 


70 
71 
72 
73 
- 74 


1.347174 
1.353456 
1.350778 
1.366130 
1.372536 


1.847801 
1.354087 
1.360413 
1.366777 
1.373178 


1.348427 
1.354717 
1.361047 
1.367415 
1.373820 


1. 810055 
1.356340 
1.361682 
1.368054 
1.374463 


1.840682 
1.355080 
1.862317 
1.368603 
1.376105 


1.350311 
1.356612 
1.862053 
1.360333 
1.375749 


1.350989 
1.857246 
1.863590 
1.369973 
1.876392 


1.351568 
1.857877 
1.864226 
1.370613 
1.377036 


1.868107 
1.868511 
1.864864 
1.371254 
1.877680 


1.862827 
1.860144 
1.866501 
1.371804 
1.878386 


76 
76 
77 
78 
70 


1.878071 
1.385446 
1.301056 
1.308505 
1.405001 


1.370617 
1.386006 
1.302610 
1.300162 
1.405762 


1.880262 
1.886745 
1.303263 
1.300810 
1.406412 


1.880000 
1.387306 
1.303017 
1.400477 
1.407074 


1.381556 
1.388045 
1.804571 
1.401134 
1.407735 


1.382203 
1.388606 
1.805226 
1.401703 
1.408308 


1.382851 
1.889347 
1.896881 
1.402452 
1.400061 


1.383499 
1.380999 

l!403111 
1.409723 


1.884148 
1.800661 
1.807102 
1.403771 
1.410387 


1.384706 
1.801308 
1.307848 
1.404480 
1.411061 


80 
81 
82 
88 
84 


1.411715 
1.418374 
1.425072 
1.481807 
1.438570 


1.412380 
1.410043 
1.425744 
1.432483 
1.430250 


1.413044 
1.410711 
1.426416 
1.433158 
1.430038 


1.413700 
1.420380 
1.427080 

1.440610 


1.414374 
1.421049 
1.427761 
1.434511 
1.441200 


1.415040 
1.421719 
1.428435 
1.435188 
1.441980 


1.416706 
1.422300 
1.420109 
1.435866 
1.442661 


1.416373 
1.423059 
1.429782 
1.436543 
1.443342 


1.417030 
1.423780 
1.430457 
1.487222 
1.444024 


1.417707 
1.424400 
1.481131 
1.487000 
1.444706 


85 

86 
87 
88 

80 


1.445388 
1.452232 
1.450114 
1.466032 
1.472086 


1.4460n 
1.462010 
1.450805 
1.466726 
1.473684 


1.446754 
1.453606 
1.460405 
1.467420 
1.474381 


1.447438 
1.454202 
1.461186 
1.468115 
1.475080 


1.448121 
1.454080 
1.461877 
1.468810 
1.475770 


1.448806 
1.456668 

1.462568 
1.469504 
1.476477 


1.449491 
1.456357 
1.463260 
1470200 
1.477176 


1.450175 
1.457046 
1.463963 
1.470896 
1.477876 


1.460860 
1.467735 
1.464645 
1.471502 
1.478575 


1.461646 
1.468424 
1.465388 

1.472280 
1.470276 


00 
01 
02 
08 
04 


1.470076 
1.487002 
1.404063 
1.501158 
1.606280 


1.480677 
1.487707 
1.404771 
1.501870 
1.500004 


1.481378 
1.488411 
1.406470 
1.602582 
1.600720 


1.482060 
1.488117 
1.406188 
1.503203 
1.510435 


1.482782 
1.480823 
1.406807 
1.504006 
1.611151 


1.483484 
1.490528 
1.497606 
1.504719 
1.511868 


1.484187 
1.491234 
1.498316 
1.605432 
1.612685 


1.48489<^ 
1. 491911 
1.499026 
1.606146 
1.613308 


1.486503 
1.402647 
1.400736 
1.606860 
1.614010 


1.480207 
1.408366 
1.600447 
1.607674 
1.614787 


05 
00 
07 
08 
00 


1.616455 
1.522656 
1.520801 
1.537161 
1.644462 


1.516174 
1.628378 
1.630616 
1.537880 
1.645104 


1.516803 
1.624100 
1.631342 
1.638618 
1.646026 


1.617612 
1.524823 
1.632068 
1.630347 
1.643650 


1.518332 
1.626546 
1.632794 
1.540076 
1.647302 


1.519051 
1.526260 
1.633521 
1.540806 
1.648127 


1.619771 
1.626993 
1.634248 
1.541536 
1.648861 


1.520492 
1.527717 
1.634976 
1.642267 
1.649596 


1.621212 
1.628441 
1.686704 
1.642008 
1.660320 


1.621034 
1.630166 
1.680432 
1.648780 
1.661064 


100 


1.661800 
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REFRACTOMBTBR METHOD.— TENTATIVE. 



Determine the refractive index of the solution at 28^0. and obtain the corre* 
■ponding percentage of dry substance from 11. If the refractive index is obtained 
at a temperature other than 28^0., correct the result as indicated in 12. If the 
solution is too dark to be read in the instrument, dilute with a concentrated sugar 
solution. Water should never be used for this purpose. Mix weighed amounts 
of the solution under examination and a solution of pure sugar of about the same 
strength, and obtain the amount of dry substance in the former by the following 
formula: 
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(A + B) C - BD 



in which 



X B per cent of dry substance to be found; 

A ■= weight in grams of the material mixed with B; 

B "" weight in grams of pure sugar solution employed in the dilution; 

C "" per cent of dry substance in the mixture of A and B obtained from the 

refractive index; 
D B per cent of dry substance in the pure sugar solution obtained from its 
refractive index. 

11 Table 12.— Geerligs'* Table. 

For dry substance in sugar-house products by the Ahhe refractometer, at 28''C, 



1.3335 


1 


1.3349 


2 


1.3364 


3 


1.3379 


4 


1.3394 


5 


1.3409 


6 


1.3424 


7 


1.3439 


8 


1.3454 


9 


1.3469 


10 


1.4023 


42 


1.4043 


43 


1.4063 


44 


1.4083 


45 


1.4104 


46 


1.4124 


47 


1.4145 


48 


1.4166 


49 


1.4186 


60 


1.4207 


51 


1.4228 


52 


1.4249 


53 


1.4270 


54 



0.0001- 
0002- 
0.0008- 
0.0004- 
0.0006- 
00000- 
0.0007- 
0006- 
0.0000- 
0.0010 - 
0.0011 - 
0.0012- 
0013- 
0.0014 - 
00015 - 



O.OS 

1 

0.2 

0.25 

0.3 

0.4 

0.6 

0.6 

0.7 

0.76 

0.8 

08 

0.86 

0.9 

1.0 



0.0001- 


0.06 


00002- 


0.1 


0.0003- 


0.16 


0.0004- 


0.2 


00008- 


26 


00006- 


0.3 


0.0007- 


0.36 


0.0008- 


0.4 


0.0009- 


046 


0010- 


0.6 


0.0011- 


066 


0012- 


0.6 


0.0013 - 


66 


0014- 


0.7 


0015- 


76 


0.0016- 


0.8 


0.0017 - 


0.86 


0018- 


0.9 


0019- 


0.95 


0.0020- 


1 


0.0021- 


1.0 



1.4292 


55 


1.4314 


56 


1.4337 


57 


1.4359 


58 


1.4382 


59 


1.4405 


60 


1.4428 


61 


1.4451 


62 


1.4474 


63 


1.4497 


64 


1.4520 


65 


1.4543 


66 


1.4567 


67 


1.4591 


68 


1.4615 


69 


1.4639 


70 


1.4663 


71 


1.4687 


72 



0.0001- 


'0.05 


0002- 


0.1 


0.0003- 


1 


00004- 


16 


0.0006- 


02 


0.0006- 


025 


0.0007- 


0.3 


0.0008- 


0.35 


0.0009- 


04 


0010- 


0.45 


0011- 


06 


0.0012 - 


0.5 


0.0')13 - 


055 


0.0014- 


06 


0.0015- 


0.65 


0.0016- 


07 


0.0017- 


0.75 


0.0018- 


0.8 


0019- 


086 


0020- 


09 


0.0021 - 


0.9 


0.0022- 


0.95 


0023- 


1.0 


0.0024- 


1.0 




1.4711 
1.4736 
1.4761 
1.4786 
1.4811 
1.4836 
1.4862 
1.4888 
1.4914 
1.4940 
1.4966 
1.4992 
1.5019 
1.5046 
1.6073 
1.5100 
1.5127 
1.5155 



73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 



90 



DiaMALS TO BB 
AD DID FOB 

riuorioifAL 

BBAOUtaS* 



0.0001- 
0002- 
00003- 
00004- 
0.0U05- 
00006- 
0007- 
0.0008- 
0.0009- 
0.0010- 
0.001! - 
0012- 
0013- 
0014- 
015- 
016- 
0017- 
0018- 
0019- 
0.0020- 
0.0u21 - 



0.06 

1 

0.16 

0.2 

026 

03 

036 

0.4 

0.46 

6 
056 
06 
0.66 
07 
0.76 
08 
086 
09 
096 

1 
1.0 



0001* 
0002* 
0.0U03- 
00004- 
00005- 
00006- 
0.0007- 
00008- 
00009- 
0010- 
0011- 
0012 - 
0013- 
0014- 
0015- 
0016- 
0.0017- 
0018- 
0019- 
00020- 
0021 - 
0022- 
0U23- 
0024- 
00025- 
0026- 
0027- 
0028- 



0.0 

0.06 

1 

0.16 

0.2 

0.2 

26 

3 

0.36 

035 

04 

045 

05 

5 

65 

6 

66 

066 

07 

0.75 

08 

8 

0.85 

09 

09 

096 

10 

1.0 



*Find in the table the refractive index which is next lower than the reading actu- 
ally made and note the corresponding whole number for the per cent of dry substance 
Subtract the refractive index obtained from the table from the observed reading; 
the decimal corresponding to this difference, as given in the column so marked, is 
added to the whole per cent of dry substance as first obtained. 
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Table 13. 
Corrections for temperature. 



[Chap. 



TBMPBBA- 


DBT SUBSTANOB 


TURSOF 
PBIBMB IN 





6 


10 


15 


20 


25 


30 


40 


50 


60 


70 


80 


90 


•c. 


Subtract— 


20 
21 
22 
23 
24 
25 
26 
27 


0.53 
0.46 
0.40 
0.33 
0.26 
0.20 
0.12 
0.07 


0.54 
0.47 
0.41 
0.33 
0.26 
0.20 
0.12 
0.07 


0.55 
0.48 
0.42 
0.34 
0.27 
0.21 
0.13 
0.07 


0.56 
0.49 
0.42 
0.35 
0.28 
0.21 
0.14 
0.07 


0.57 
0.50 
0.43 
0.36 
0.28 
0.22 
0.14 
0.07 


0.58 
0.51 
0.44 
0.37 
0.29 
0.22 
0.15 
0.07 


0.60 
0.52 
0.45 
0.38 
0.30 
0.23 
0.15 
0.08 


0.62 
0.54 
0.47 
0.39 
0.31 
0.23 

o.ie 

0.08 


0.64 
0.56 
0.48 
0.40 
0.32 
0.24 
0.16 
0.08 


0.62 
0.54 
0.47 
0.39 
0.31 
0.23 
0.16 
0.08 


0.61 
0.53 
0.46 
0.38 
0.31 
0.23 
0.15 
0.08 


0.60 
0.52 
0.45 
0.38 
0.30 
0.23 
0.15 
0.08 


0.58 
0.50 
0.44 
0.38 
0.30 
0.22 
0.14 
0.07 




Add— 


29 
30 
31 
32 
33 
34 
35 


0.07 
0.12 
0.20 
0.26 
0.33 
0.40 
0.46 


0.07 
0.12 
0.20 
0.26 
0.33 
0.41 
0.47 


0.07 
0.13 
0.21 
0.27 
0.34 
0.42 
0.48 


0.07 
0.14 
0.21 
0.28 
0.35 
0.42 
0.49 


0.07 
0.14 
0.22 
0.28 
0.36 
0.43 
0.50 


0.07 
0.14 
0.22 
0.29 
0.37 
0.44 
0.51 


0.08 
0.15 
0.23 
0.30 
0.38 
0.45 
0.52 


0.08 
0.15 
0.23 
0.31 
0.39 
0.47 
0.54 


0.08 
0.16 
0.24 
0.32 
0.40 
0.48 
0.56 


0.08 
0.16 
0.23 
0.31 
0.39 
0.47 
0.54 


0.08 
0.16 
0.23 
0.31 
0.38 
0.46 
0.53 


0.08 
0.15 
0.23 
0.30 
0.38 
0.45 
0.62 


0.07 
0.14 
0.22 
0.30 
0.38 
0.44 
0.50 
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ash. 

Method I.— Official. 



Heat 5-10 grams of the sample in a 50-100 cc. platinum dish at lOO^C. until the 
water is expelled, add a few drops of pure olive oil, and heat slowly over a flame 
until swelling ceases. Then place the dish in a muffle and heat at low redness until 
a white ash is obtained. 



14 



Method 11.— Official. 



Carbonize the mass at a low heat, dissolve the soluble salts in hot water, burn 
the residual mass as directed in 13, add the solution of soluble salts, and evaporate 
to dr3mess at lOO^C, ignite gently, cool in a desiccator, and weigh. 



15 



Method III.— Official. 



Saturate the sample with sulphuric acid, dry, ignite gently, then burn in a muf- 
fle at low redness. Deduct one tenth of the weight of the ash, and calculate the 
per cent. 

16 QUANTITATIVB ANALYSIS OP THE ASH.-OFFICIAL. 
Proceed as directed imder m. 

1 7 SOLUBLE AND INSOLUBLE ASH.—TENTATIVE. 

Ash the material as directed under 13 or 14. Add water to the ash in the plati- 
num dish, beat nearly to boiling, filter through an ashless filter paper, and wash 
with hot water until the combined filtrate and washings measure about 60 cc. Re 
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turn the filter paper and contents to the platinum dish, ignite carefully, and weigh. 
Calculate the percentages of waternsoluble and water-insoluble ash. 

18 ALKAUimr OF THE SOLUBLB ASH.— TBNTATIVB. 

Cool the filtrate from 1 7 and titrate with N/10 hydrochloric acid, using methyl 
orange as an indicator. 

Express the alkalinity in terms of the number of cc. of N/10 acid per 1 gram of 
the sample. 

1 g ALKAUNTTT OF THB INSOLUBLB ASH.— TBITTATIVE. 

Add an excess of N/10 hydrochloric acid (usually 10-15 cc.) to the ignited insolu- 
ble ash in the platinum dish, imder 1 7, heat to boiling over an asbestos plate, cool, 
and titrate the excess of hydrochloric acid with N/10 sodium hydroxid, using methyl 
orange as an indicator. 

Express the alkalinity in tenns of the number of co. of N/10 acid per 1 gram of 
the sample. 

20 mHBRAL ADT7LTERANTS IN THB ASH.— TBNTATEVB. 

Mix 100 grams of molasses, sirup, honey, or the confectionery solution prepared 
as directed under 1 (b) and evaporate to a sirupy consistency, with about 35 grams 
of concentrated sulphuric acid in a large porcelain evaporating dish. Pass an 
electric current through it while stirring by placing one platinum electrode in the 
bottom of the dish near one side and attaching the other to the lower end of the 
glass rod with which the contents are stirred. Begin with a current of about 1 
ampere and gradually increase to 4 (modified from method of Budde and Sehou' 
for determining nitrogen electrolytically). In 10-15 minutes the mass is reduced 
to a fine dry char, which may be readily burnt to a white ash in the original dish 
over a free flame or in a muffle. 

This method* is preferred to the ordinary method of heating with sulphuric acid, 
especially in the case of molasses, because, if properly manipulated, it comes quietly 
into the form of a very finely divided char or powder, especially adapted for subse- 
quent quick ignition. 

If an electric current is not available, treat in a large porcelain dish 100 grams of 
the saccharine solution, evaporated to a sirupy consistency, with sufflcient concen- 
trated sulphuric acid to thoroughly carbonize the mass and ignite in the usual 
manner. 

The following adulterants may be present : salts of tin, used in molasses to bleach; 
mineral pigments, such as chromate of lead in yellow confectionery; oxid of iron, 
sometimes used to simulate the color of chocolate; and copper. These elements 
may be detected by the usual qualitative tests. 

21 mTROGBN.— TBNTATIVB. 

Determine nitrogen in 5 grams of the material as directed under I, 18, 21 or 23, 
using a larger quantity of the sulphuric acid if necessary for complete digestion. 

SUCROSE. 

22 Method I,— Tentative. 

(Substances in which the volume of the combined insoluble matter and precipitate 
from clarifying agents is less than 1 cc. from 26 grams.) 

Determine sucrose by polarization before and after inversion, as directed under 

vm. 14. 
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All products which contain dextrose or other reducing suears in the crystalline 
form, or in supersaturated solution, exhibit the phenomenon of birotation. The con- 
stant rotation only should be employed in the Clerget formula, and to obtain this 
the solutions prepared for direct polarisation should be allowed to stand overnight 
before making the reading. If it is desired to make the direct reading immediately, 
the birotation may be destroyed by heating the neutral solution to boiling for a few 
minutes or by adding a few drops of strong anmionium hydroxid before completing 
the volume. 

23 Method II. (Double diliUion method*}— Tentative. 

(Substances in which the volume of the combined insoluble matter and 
precipitate from clarifying agents is more than 1 cc. from 26 grams.) 

Weigh out a half normal weight of the sample and make up the solution to 100 
cc., employing the appropriate darifier (basic lead acetate for dark colored con- 
fectionery or molasses and alumina cream for light colored confectionery). Also 
weigh out a normal weight of the sample and make up a second solution with the 
clarifier to 100 cc. Filter and obtain direct polariscopic readings of both solu- 
tions. Invert each solution as directed in 22 and obtain its invert reading. 

The true direct polarisation of the sample is the product of the two direct read- 
ings divided by their difference. 

The true invert polarisation is the product of the two invert readings divided 
by their difference. 

Calculate the sucrose from the true polarisations thus obtained by the formula 
given under Vm, 14. 

COMMBRCIAL 0LUC08B (APFROZIMATB). 

24 Method I. —Tentative. 

(Substances containing little or no invert sugar.) 

Gonmiercial glucose can not be determined accurately owing to the varying 
amounts of dextrin, maltose, and dextrose present in this product. However, in 
sirups, in which the amount of invert sugar is so small as not to appreciably affect 
the result, commercial glucose may be estimated approximately by the following 
formula:' 

(a — 8) 100 

G " 7ZZ ill which 

176 

G B per cent of commercial glucose; 

a » direct polarisation; 

S » per cent of cane sugar. 

Express the results in terms of commercial glucose polarising +175*V. 

Method II,— Tentative. 

25 (Substances containing invert sugar.') 

Prepare an inverted half normal solution of the substance as directed under 
VIII, 14 except that after inversion cool the solution, make neutral to phenol- 
phthalein with sodium hydroxid solution, slightly acidify with hydrochloric acid, 
and treat with 5-10 cc. of alumina cream before making up to the mark. Filter 
and polarize at ST'^C. in a 200 mm. jacketed tube. Multiply the reading by 200 and 
divide by the factor 163 to express the amount of glucose present in terms of glu- 
cose polarizing +175^V. 
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26 SBDUCINO SUOARS.-TBNTATIVB. 

Determine either as dextrose or invert sugar as directed under VIII, 50, 51, 
52, 54, or 21, 23, 25, 36 or 39. 

27 STARCH.— TBNTATIVB. 

Measure 25 cc. of a solution or uniform mixture, prepared as directed in 1 (b), 
(representing 5 grams of the sample) into a 300 cc. beaker, or introduce 5 grams of 
the finely ground sample (previously extracted with ether if the sample contains 
much fat) into the beaker, add sufficient water to make the volume 1(X) cc, heat 
to about 60^C. (avoiding if possible gelatinizing the starch) and allow to stand 
for about an hour, stirring frequently to secure complete solution of the sugars. 
Transfer to a stout wide-mouthed bottle, rinse the beaker with a little warm water, 
cool, add an equal volume of 95% alcohol, mix, and allow to stand at least an hour. 
Centrifugalize until the precipitate is closely packed on the bottom of the bottle 
and decant the supernatant liquid through a liardened filter. Wash the precipi- 
tate with successive 50 cc. portions of 50% alcohol by centrifugalizing and decant- 
ing through the filter until 3 or 4 drops of the washings give no test for sugar with 
alphanaphthol as described under 68. Transfer the residue from the bottle and 
the hardened filter to a large fiask and determine starch as directed under Viil, 
60. 

STHER EXTRACT IN COITFBCTIOIfBRT. 

28 Caniintunia Extraction. — Tentative, 

(1) Measure 25 cc. of a 20% mixture or solution, prepared as directed under 1 
(b), into a very thin, readily frangible, glass evaporating shell (Hofmeister Schslchen), 
containing 5-7 grams of freshly ignited asbestos fiber; or (2) If impossible to ob- 
tain a uniform sample, weigh 5 grams of the mixed finely divided sample into a 
dish, and wash with water upon the asbestos in the evaporating shell, using, if neces- 
sary, a small portion of the asbestos fiber on a stirring rod to transfer the last traces 
of the sample from the dish to the shell. Dry to constant weight at lOO^C, cool, 
wrap loosely in smooth paper, crush into rather small fragments between the fin- 
gers, transfer carefully the crushed mass, exclusive of the paper, to an extraction 
tube or a fat extraction cartridge. A thin lead disk (bottle cap) may be substituted 
for the Schfilchen. The disk may then be cut into small pieces and placed in the 
extraction tube. Extract with anhydrous ether or petroleum ether (b. p. 45*-60®C. 
and without weighable residue) in a continuous extraction apparatus for at least 25 
hours. In most cases it is advisable to remove the substance from the extractor 
after the first 12 hours, grind with sand to a fine powder, and re-extract for the re- 
maining 13 hours. Transfer the extract to a tared flask, evaporate the solvent, dry 
to constant weight in an oven at lOO^C. 

29 Roese-Oottlieb Method,— Tentative. 

Substances such as butter-scotch, invariably yield extremely inaccurate results 
by the above method. In such cases introduce 4 grams of the material, or an amount 
of a uniform solution equivalent to this amount of the dry substance, into a Rohrig 
tube or similar apparatus, make up to a volume of 10 cc. with water, add 1.25 cc. 
of concentrated ammonium hydroxid and mix thoroughly. Add 10 cc. of 95% alco- 
hol and mix. Then add 25 cc. of washed ether and shake vigorously for half a min- 
ute; then add 25 cc. of petroleum ether (b. p. below GO'^C), and shake again for 
half a minute. Allow to stand for 20 minutes or until the separation between the 
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liquids is complete. Draw off as much as possible of the ether-fat solution (usually 
0.5-0.8 cc. will be left) into a weighed flask through a small, rapid filter. The flask 
should be weighed with a similar one as a counterpoise. Again extract the liquid 
remaining in the tube, this time with 15 cc. each of ether and petroleum ether, shake 
vigorously half a minute with each, and allow to settle. Proceed as above, wash- 
ing the tip of the spigot and the filter with a few cc. of a mixture of equal parts of 
the 2 ethers (previously mixed and free from deposited water). For absolutely 
exact results the extraction must be repeated. This third extraction usually yields 
not more than about 1 mg. of fat, if the previous ether-fat solutions have been 
drawn off closely, or an amount averaging about 0.02% on a 4 gram charge. Evapo- 
rate the ether slowly on a steam bath, then dry the fat in a boiling water oven until 
the loss in weight ceases. Test the purity of the fat by dissolving in a little petro- 
leum ether. Should a residue remain, wash the fat out completely with petroleum 
ether, dry the residue, weigh, and deduct the weight. 

30 PARAFFIN IN CONFBCTIONBRT.— TBNTATIFB. 

Add to the ether extract in the flask, as above obtained, 10 cc. of 95% alcohol 
and 2 cc. of sodium hydroxid solution (1 to 1), connect the flask with a reflux con- 
denser, and heat for an hour on the water bath, or until saponification is complete. 
Remove the condenser and allow the flask to remain on the bath until the alcohol 
is evaporated and the residue is dry. Dissolve the residue as completely as pos- 
sible in about 40 cc. of water and heat on the bath, shaking frequently. Wash into 
a separatory funnel, cool, and extract with 4 successive portions of petroleum ether, 
which are collected in a tared flask or capsule. Evaporate the petroleum ether 
and dry in the oven to constant weight. 

Any phytosterol or cholesterol present in the fat would be extracted with the 
parafi&n. The amount is so insignificant that it may be disregarded generally. 
The character of the final residue should, however, be confirmed by determining 
its melting point, specific gravity, and refractive index. 

31 ALCOHOL IN SfRUPS USED IN CONFBCTIONBRT TBRANDT DR0PS'*).--TBNTATIFB. 

Collect in a beaker the sirup from a sufficient number of pieces to yield 30-50 
grams of sirup. Strain the sirup into a tared beaker and weigh. Introduce the 
sirup into a 250-300 cc. distilling flask, dilute with half its volume of water, attach 
the flask to a vertical condenser and distil almost 50 cc, or as much of the liquid as 
possible without causing charring. Foaming may be prevented by adding a little 
tannin, or a piece of paraffin about the sise of a pea, to the contents of the distil- 
lation flask. Cool the distillate, make up to volume with water, mix well, and 
ascertain the specific gravity of the liquid by means of a pycnometer, and obtain 
the corresponding weight of alcohol in the 50 cc. of distillate from XVI, 5. Cal- 
culate the per cent by weight of alcohol in the candy filling. 

32 COLORING MATTER.— TBNTATIVB. 
Proceed as directed under XI. 

33 METALS.— TBNTATIVB. 
Proceed as directed under XII. 
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HONEY.* 

34 FRBPARATION OF SAMPLE.— TBNTATIVB. 

(a) Liquid or strained honey, — If the sample is free from granulation, mix thor- 
oughly by stirring or shaking before drawing weighed portions for the analytical 
determination. If the honey is granulated, place the container, having the stopper 
loose, in a water bath, and heat at a temperature not exceeding 50^C. until the sugar 
crystals dissolve; mix thoroughly, cool, and weigh portions for the anal3rtical de- 
terminations. If sediment such as particles of comb, wax, sticks, bees, etc., are 
present, heat the sample to 40°C. in a water bath and filter through cheese-cloth 
before weighing portions for analysis. 

(b) Comb honey. — Cut across the top of the comb, if sealed, and separate com- 
pletely from the comb by straining through a 40 mesh sieve. When portions of the 
comb or wax pass through the sieve, heat the sample as in (a) and strain through 
cloth. If the honey is granulated in the comb, heat until the wax is liquified, stir, 
cool, remove the wax and take the clear liquid for analysis. 

35 XOISTDSB. 

Weigh 2 grams of the sample into a tared, flat-bottomed aluminium dish, having a 
diameter of about 60 mm. and containing 10-15 grams of fine quartz sand, which has 
been previously washed, dried and ignited, and a small glass stirring rod; add 5-10 
cc. of water and thoroughly incorporate with the sand and honey mixture by means 
of the rod; dry the dish and its contents to constant weight in a vacuum oven at 
a temperature not exceeding 70°C. , 

36 A8H.-OFFICIAL. 

Weigh 5-10 grams of honey into a platinum dish, add a few drops of pure olive 
oil to prevent spattering, and heat carefully until swelling ceases and then ignite 
at a temperature not above dull redness until a white ash is obtained. 

37 SOLUBLE ASH.— TENTATIVE. 

Proceed as directed under 17. 

38 ALKALimTT OP THE SOLUBLE ASH.— TENTATIVE. 

Proceed as directed under 18. 

POLARIZATION. 

39 Direct Polarisation. — Tentative. 

(a) Immediate direct polarization, — ^Transfer 26 grams of the honey to a 100 
cc. flask with water, add 5 cc. of alumina cream, dilute to the mark with water at 
20°C., filter, and polarize immediately in a 200 mm. tube. 

(b) Constant direct polarization. — ^Pour the solution from the tube used in read- 
ing (a) back into the flask, stopper, and allow to stand for 24 hours. At the end of 
this time again polarize the solution at 20°C. in a 200 mm. tube. 

(C) Birotation. — ^The difference between (a) and (b) gives the birotation. 
(d) Direct polarization at 87^C. — Polarize the solution, obtained in (b), at 87°C. 
in a jacketed 200 mm. tube. 
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40 Invert Polaritatian.— Tentative. 

(a) At ;80^C.— Invert 50 co. of the solution obtained in 39 as directed under 
VIII, 14 or 16, and polarize at 20''C. in a 200 mm. tube. 

(b) At S7^C. — Polarise the solution, obtained as directed in (a), at 87^C. in a 200 
mm. jacketed tube. 

41 SBDUCING SUGARS.— TBNTATITB. 

Dilute 10 cc. of the solution, used for direct polarisation, 39, to 250 cc. and de- 
termine reducing sugars in 25 cc. of this solution by one of the methods given under 
VIU, 25, 38, 39 or 56, respectively. Calculate the result to per cent of invert 
sugar. 

42 SUCROSE.— TBNTATIVB. 

Proceed as directed under VUl, 18. Determine reducing sugars after inver- 
sion by diluting 10 cc. of the solution obtained in 40, with a small amount of water, 
neutralizing with sodium carbonate, and making up to 250 cc. with water. Employ 
50 cc. of this solution for the determination, using the same method as in 41 . 

43 LBVULOSB.— TBNTATIVB. 

Multiply the direct reading at S7'*C., 39 (d), by 1.0315 and subtract the product 
from the constant direct polarization at 20*^0., 39 (b): divide the difference by 2.3919 
to obtain the grams of levulose in a normal weight of the honey. From this figure 
calculate the per cent of levulose in the original sample. 

44 DBZTROSB.— TBNTATIVB. 

Subtract the per cent of levulose, obtained in 43, from the per cent of invert 
sugar, found in 41 , to obtain the approximate per cent of dextrose. 

The dextrose can be determined more accurately by multiplying the per cent 
of levulose, as found in 43, by the factor 0.915, which gives its dextrose equivalent 
in copper reducing power. Subtract this figure from that of the reducing sugars, 41 , 
calculated as dextrose, to obtain the percentage of dextrose in the sample. (Owing 
to the difference in the reducing powers of different sugars, the sum of the dex- 
trose thus found and the levulose as obtained in 43 will be greater than the amount 
of invert sugar obtained in 41 ). 

45 DBXTRIN (APPROXIMATB).— TBNTATIVB. 

Transfer 8 grams of the sample (4 grams in the case of dark colored honey-dew 
honey) to a 100 cc. flask (using not more than 4 co. of water) by allowing the sam- 
ple to drain from the weighing dish into the flask and then dissolving the residue in 
2 cc. of water. After adding this solution to the contents of the flask, rinse the 
weighing dish with two 1 co. portions of water to which a little alcohol is added sub- 
sequently. Fill the flask to the mark with absolute alcohol, shaking constantly. 
Set the flask aside until the dextrin has collected on the sides and bottom and the 
liquid is clear. Decant the clear liquid through a filter paper and wash the resi- 
due in the flask with 10 cc. of 95% alcohol, pouring the washings through the same 
filter. Dissolve the dextrin in the flask with boiling water and filter through the 
filter paper already used, receiving the filtrate in a tared dish, prepared as directed 
imder 4. Rinse the flask and wash the filter a number of times with small portions 
of hot water, evaporate on a water bath and dry to constant weight in vacuo 
at 70**C. 
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After determining the ^v«ight of the alcohol precipitate, dissolve the latter in 
water and make up to definite volume, using 50 cc. of water for each 0.5 gram of pre- 
cipitate or part thereof. 

Determine reducing sugars in the solution both before and after inversion as 
directed under VIII, 18, expressing the results as invert sugar. Calculate sucrose 
from the results thus obtained and subtract the sum of the reducing sugars before 
inversion and sucrose from the weight of the total alcoholic precipitate to obtain 
the weight of the dextrin. 

46 FSBB ACID.~TBlfTATI?B. 

Dissolve 10 grams of the honey in water and titrate with N/10 sodium hydroxid 
using phenolphthalein as an indicator. Express the results in terms of cc.of N/10 
sodium hydroxid required to neutralize 100 grams of the sample. 

47 GLUCOSE.— TBNTATIVB. 

Qudlitative test,— Dilute the honey with water in the proportion of 1 to 1, then add 
a few cc. of iodin solution (1 gram of iodin, 3 grams of potassium iodid, 50 cc. of 
water). In the presence of glucose the solution turns red or violet, the depth and 
character of the color depending upon the quality and nature of the glucose em-* 
ployed. A blank test with a pure honey of about the same color should be made 
in order to secure an accurate color comparison. Should the honey be dark and 
the percentage of glucose very small, precipitate the dextrin which may be pres* 
ent by adding several volumes of 95% alcohol. Allow to stand until the precipitate 
settles (do not filter), decant the liquid, dissolve the residue of dextrins in hot 
water, cool and apply the above test to this solution. A negative result is not 
proof of the absence of glucose as some glucose, especially of high conversion, does 
not give any reaction with iodin.* 

Qiumtitative test. — An approximate determination can be made by Browne's 
formula as follows: Multiply the difference in the polarisations of the invert solu- 
tion at 20^C. and 87^0. by 77 and divide this product by the percentage of invert 
sugar after inversion found in the sample. Multiply the quotient by 100 and di- 
vide the product by 26.7, to obtain the percentage of honey in the sample; 100 per 
cent minus the per cent of honey gives the percentage of glucose. 

COMMBRCIAL INVERT SUGAR.i« 

QUALITATIVE TESTS. 

Fiehe Test (Bryan Modification^^).— TentaHve, 

48 BBAQENT. 

Resorcin soliUion. — Dissolve 1 gram of resorcin in 100 cc. of hydrochloric acid, 
sp. gr. 1.19. 



49 



MANIPULATION. 



Introduce 10 cc. of a 50% honey solution into a test tube and add 5 cc. of ether. 
Shake gently and allow to stand for some time until the ether layer is clear. Trans- 
fer 2 cc. of this clear ether solution to a small test tube and add a large drop of the 
resorcin solution. Shake and note the color immediately. In the presence of arti- 
ficial invert sugar, the resorcin assumes immediately an orange-red color turning 
to dark red. 
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Feder Anilin Chlorid TesL^^— Tentative. 

50 BBAGBNT. 

Anilin Morid soltUion, — ^To 100 cc. of C. P. anilin add 30 cc. of 25% hydrochloric 
acid. 

51 MANIPULATION. 

Introduce 5 grams of the honey into a porcelain dish and add 2.5 cc. of the anilin 
reagent. A bright red color indicates the presence of commercial invert sugar. 

52 DIASTASB.U 

Mix 1 part of honey with 2 parts of sterile water. Treat 10 cc. of this solution 
with 1 cc. of 1% soluble starch solution and digest at 45^0. for an hour. At the end 
of this time test the mixture with 1 cc. of iodin solution (1 gram of iodin, 2 grams 
of potassium iodid, 300 cc. of water). Treat another 10 cc. portion of the honey 
solution, mixed with 1 cc. of the soluble starch solution, without heating to 45^0., 
with the reagent and compare the colors produced. If the original honey had not 
been heated sufficiently to kill the diastase, an olive-green or brown coloration will 
be produced in the mixture that has been heated at 45^0. Heated or artificial 
honey becomes blue. 

MAPLE PRODUCTS. 

53 PREPARATION OF SAMPLE.— TBNTATITB. 

(a) Maple eirup. — ^Determine the moisture by the method given under 54 (a) . If 
the moisture is less than 35%, and there is some mineral sediment, pour the clear 
sirup into a beaker, washing the sediment also into the beaker with water. Then 
concentrate the sirup by boiling to a moisture content of about 35% (b. p. 104^C.). 
Set aside imtil cool, or preferably let the covered material stand overnight, and 
pour off the clear liquid for the analytical work. Where no sediment is present 
the sample is ready for analysis after careful mixing. Where sugar has crystal- 
lised out, warm to dissolve the sugar before starting the analysis. It is desira- 
ble in order to compare results upon different samples, to reduce all results other 
than moisture to a dry substance basis as determined in the clear sirup. 

(b) Maple sugar, maple creamy maple wax, etc. — Determine moisture, by the meth- 
od given imder 54 (b), in the sample in its original condition by thoroughly mixing, 
if semi-plastic, or by rubbing up in a mortar representative portions of the product 
if solid. For all other analytical determinations use a solution prepared as fol- 
lows: Weigh roughly 100 grams of the product into a beaker and dissolve by boil- 
ing with 200 cc. of water. Decant the resulting sirup while hot through a muslin 
filter, concentrate by boiling to a moisture content of 35% (b. p. 104**C.), cool, or 
preferably let the covered material stand overnight, set aside until clear, and use 
this clear sirup for analysis. It is desirable, in order to compare results upon 
different samples, that all results except moisture be expressed upon a dry basis. 

54 MOISTURE.— TENTATIVE. 

(a) Maple sirup. — Proceed as directed under 35 or 10. 

(b) Maple sugar, maple cream, etc. — ^Proceed as directed imder 35. 

55 POLARIZATION.— TENTATIVE. 

(a) Direct at ^O'^C— Proceed as directed imder VIII, 14. 

(b) Invert at «0**C.— Proceed as directed imder VIII, 14. 

(C) Invert at ST'^C. — Proceed as directed under 25 to detect commercial glucose. 
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58 SBDUCUf O SUGARS AS IHVBRT SUGAR.— TBNTATIVB. 

(a) Before inoersion. — ^Proceed as directed under VIII, 25, using an aliquot of 
the solution used for direct polarisation, 55 (a), and only neutral lead acetate for 
clarification. 

(b) After ifwereion. — Proceed as directed under VIII, 25, using an aliquot of 
the solution used for the invert polarization, 55 (b), and only neutral lead acetate 
for clarification. 

SUCROSB. 
57 By PolarizoHan. — Tentative. 

Proceed as directed under VIII, 14 or 18. 

68 By Reducing Sugars Before and After Itwereion. — Tentative. 

Proceed as directed under VJJUL, 18. 

59 TOTAL ASH.— TBNTATIVB. 
Proceed as directed under 13. 

80 SOLUBLB AND INSOLUBLB ASH.— TBIVTATITB. 
Proceed as directed under 17. 

81 ALKALiivrnr of thb solublb ash.— tbhtatitb. 
Proceed as directed under 18. 

82 ALKALnilTT OF THB m SOLUBLB ASH.— TBNTATIVB. 

Proceed as directed under 19. 

LBAD nUXBBR (WLNTON).— TBNTATITB. 
63 BBAQENTS. 

Standard basic lead acetate solution. — Boil 430 grams of normal lead acetate and 
130 grams of litharge, for 30 minutes, or boil 560 grams of Home's dry basic lead 
acetate with 1 liter of water, cool, allow to settle and dilute the supernatant liquid 
to 1.25 sp. gr. To a measured amount of this solution add 4 volumes of water and 
filter if not perfectly clear. The solution should be standardized each time a set 
of 'determinations is made. 

If the directions for preparing the basic lead acetate are not carried out care- 
fully, the use of Home's dry basic lead acetate is preferable. 



DETERMINATION OF LEAD IN THE BLANK. 



84 

Transfer 25 cc. of the standard basic lead acetate to a 100 cc. flask, add a few drops 
of acetic acid, and make up to the mark with water. Shake and determine lead 
sulphate in 10 cc. of the solution as directed under 85. The use of the acid is im- 
perative in this case to keep the lead in solution, when diluted with water. 

85 DETERMINATION. 

Transfer 25 grams of the sample to a 100 cc. flask by means of water. Add 25 
cc. of the standard basic lead acetate and shake, fill to the mark, shake, and allow to 
stand for at least 3 hours before filtering. Pip)ette 10 cc. of the clear filtrate into 
a 250 cc. beaker, add 40 cc. of water and 1 cc. of concentrated sulphuric acid, shake 
and add 100 cc. of 95% alcohol. Allow to stand overnight, filter on a tared Gooch, 
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wash with 95% alcohol, dry in a water oven, and ignite in a muf&e or over a Bun- 
sen burner, applying the heat gradually at first, and avoiding a reducing flame. 
Cool and weigh. Subtract the weight of lead sulphate so found from the weight of 
lead sulphate found in the blank, 64, and multiply by the factor 27.325. The use 
of this factor gives the lead nimiber directly without the various calculations other- 
wise required. 

MALIC-ACID VALUE. 

66 Cowles Method,^* — Tentative, 

Weigh 6.7 grams of the sample into a 200 cc. beaker, add 5 cc. of water, then 2 
cc. of a 10% calcium acetate solution and stir. Add gradually, and with constant 
stirring, 100 cc. of 95% alcohol, and agitate the solution until the precipitate set- 
tles, or let stand, until the supernatant liquid is clear. Filter off the precipitate 
and wash with 75 cc. of 85% alcohol. Dry the filter paper and ignite in a platinum 
dish. Add 10 cc. of N/10 hydrochloric acid and warm gently until all the lime 
dissolves. Cool and titrate back with N/10 sodium hydroxid, using methyl orange 
as an indicator. The difference in cc, divided by 10 represents the malic acid value 
of the sample. Previous to use the reagents should be tested by a blank determina- 
tion and any necessary corrections applied. 

67 METALS.— TBNTATIVB. 
Proceed as directed under XII. 

SUGAR HOUSE PRODUCTS. 
SUCROSE IN BEETS. 

68 Alcohol Extraction Method {JHerzfeld Modification^^) ,— Tentative. 

Weigh 26 grams of the beet pulp and transfer to a 100 cc. flask with about 50 cc. 
of 90% alcohol and 3-5 cc. of basic lead acetate solution. Connect a reflux condenser 
to the flask and place on a boiling water bath for 10-15 minutes. Then pour the 
whole into a Soxhlet extractor, washing out the flask with fresh portions of 90% 
alcohol. Connect the same 100 cc. flask to the extractor, and fit the latter with 
a return condenser. Add 90% alcohol until the siphon is started and the flask is 
about three fourths full. Place the flask in a covered water bath kept at a heat 
that will allow the alcohol to boil freely. Continue the extraction for 1-4 hours, 
or until a test of the alcohol in the extractor gives no color with alpha-naphthol 
solution when tested as follows: Introduce into a test tube a few drops of the alco- 
hol coming from the extractor, add 4 or 5 drops of a 20% alcoholic alpha-naphthol 
solution and 2 cc. of water. Shake well, tip the tube, and allow 2-5 cc. of colorless 
concentrated sulphuric acid to flow down the side of the tube; then hold the tube 
upright and, if sucrose is present, a color varying from a faint to a deep violet will 
be noted at the junction of the two liquids. On shaking, the whole solution becomes 
a blue violet color. This test is suitable for this work, but it must be remembered 
that other substances besides sucrose give this color reaction. 

Remove the flask, transfer to a 100 cc. graduated flask, cool to the standard 
temperature, dilute to the mark with 90% alcohol, shake and filter, keeping the 
funnel covered with a watch glass. Polarize in a 200 mm. tube. 

Avoid evaporation and changes of temperature and also use a minimum amount 
of basic acetate for clarification, 3 cc. rather than 5 cc. By digesting the beet 
pulp with the alcohol before extraction, the time of extraction is greatly shortened 
the pulp becomes thoroughly impregnated with the alcohol, and all the air is re- 
moved, resulting in a good extraction of the whole material. If the pulp is fine 
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and tends to clog the siphon, alcohol-washed cotton may be used as a plug in the 
extractor before adding the beet pulp, and a fine mesh screen may be placed over 
the pulp to keep the whole compact in the extractor. 

68 Pellet Aqueous Method^* (Hot Digestion). --TerUative. 

Weigh 52 grams of the beet cuttings and transfer them with water to a wide- 
mouthed flask graduated to a content of 201.2 cc; add 5-10 co. of basic lead acetate 
solution, fill the flask to the mark with hot water, and shake. Immerse the flask 
in a water bath at 80^C. and rotate at intervals. Add water from time to time so 
that at the end of the heating (about 30 minutes) the water in the flask is a little 
above the mark. Remove the flask from the water bath and allow it to cool to 
standard temperature. Add sufficient concentrated acetic acid to make the solu- 
tion very slightly acid (generally less than 0.5 cc.) and a few drops of ether to break 
the foam. Make up to the mark, mix thoroughly, filter, and polarize in a 200 mm. 
tube. 

The fineness of the pulp governs the time of heating. Add enough water at the 
start and maintain this voliune during the extraction, so that not more than 5 cc. of 
water will be necessary to complete the voliune after cooling. The proportion of 
pulp to water must not be increased beyond the prescribed amount, for when smaller 
proportions of water to pulp are used and then a large quantity of water is added at 
the last to make up to voliune, the sugar does not oecome equally diffused and the 
results are too low. Differences of over 1% in sugar content may be caused by lack 
of care in this particular. 

70 Hot Water Digestion Method.— Tentative. 

(Herxfeld Modification of the Sachs Le Docte Method^'.) 

There are needed nickel-plated sheet iron vessels, 11 cm. high, 6 cm. body diame- 
ter, and 4 cm. mouth diameter, also stoppers covered with tin foil to fit the same. 

Weigh 26 grams of the beet pulp on a watch glass (small enough to go into the 
neck of the beaker) and transfer to the metal beaker, add 177 cc. of dilute basic 
lead acetate solution (5 parts of basic lead acetate solution (sp. gr. 1.25) to 100 
parts of water), shake and stopper lightly. Submerge the beaker in a water bath 
at 75^-^^C. for 30 minutes, shaking intermittently. When all the air has been 
expelled (generally after 5 minutes), tighten the stopper. After 30 minutes, shake, 
cool to standard temperature, filter, add a drop of acetic acid to the filtrate and 
polarize in a 400 mm. tube. The reading is the per cent of sugar in the beet pulp. 
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X. FOOD PRESERVATIVES.— TENTATIVE. 

SALICYLIC ACm. 

1 PREPARATION OF SAMPLB. 

(a) N<m'<ilcoholic liquids. — ^Many liquids may be extracted directly as described 
Id 2 or 4 without further treatment. If gums or mucilaginous substances are present, 
pipette 100 cc. into a 250 cc. volumetric flask, add about 5 grams of sodium chlorid, 
shake until the latter is dissolved, make up to the mark with alcohol, shake vigor- 
ously, allow the mixture to stand for 10 minutes with occasional shaking, filter 
through a dry folded filter and treat an aliquot of the filtrate as directed under (b). 

(b) Alcoholic liquids. — ^Make 200 co. of the sample alkaline with sodium hydroxid 
solution, using litmus as an indicator, and evaporate on a steam bath to about one 
third its original volimie. Dilute to the original volim:ie with water and filter, if. 
necessary, through a dry filter. 

(C) Solid or semi-solid substances. — Grind the sample and mix thoroughly. Trans- 
fer a convenient quantity (50-200 grams according to the consistency of the sam- 
ple) to a 500 cc. volimietric flask, add sufficient water to make a volume of about 
400 cc, shake until the mixture becomes imiform, add 2-5 grams of calcium chlorid, 
shake until the latter is dissolved, render distinctly alkaline with sodium hydroxid 
solution, using litmus as an indicator, fill to the mark with water, shake thoroughly, 
allow to stand for at least 2 hours shaking frequently and filter through a large 
folded filter. 

DBTBCTION AND BSTDIATION. 

2 Ferric Chlorid Test.--Qualilative. 

Introduce 50 cc. of the sample or an equivalent amount of an aqueous extraeti 
prepared as directed under 1, into a separatory funnel, add one tenth its volume * 
of dilute hydrochloric acid (1 to 3) and extract with 50 cc. of ether. If the mixture 
emulsifies, add 10-15 cc. of petrolemn ether (b. p. below 60^C.) and shake. If this 
treatment fails to break the emulsion whirl the mixture in a centrifuge, or allow it 
to stand until a considerable portion of the aqueous layer has separated, run off 
the latter, shake vigorously and again allow to separate. Wash the ether layer 
with two 5 cc. portions of water, evaporate the greater portion of the ether in a por- 
celain dish on a steam bath, allow the remainder to evaporate spontaneously and 
add a drop of 0.5% ferric chlorid solution. A violet color indicates salicylic acid. 

If coloring matter or other interfering substances are present in the residue 
left after evaporation of the ether, purify the salicylic acid by one of the following 
methods: 

(a) Dissolve the residue from the ether extract, obtained as directed above, 
in about 25 cc. of ether, transfer the latter to a separatory funnel and shake with 
an equal quantity of water, made distinctly alkaline with several drops of am- 
monium hydroxid. Allow to separate, filter the aqueous layer through a wet fil- 
ter into a porcelain dish, evaporate almost to dryness, and test the residue as directed 
above. 

(b) Dry the residue from the ether extract, obtained as directed above, in a 
desiccator over sulphuric acid and extract with several 10 co. portions of carbon 
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di0ulphid or petroleum ether (b. p. below 60^C.)f rubbing the contents of the dish 
with a glass rod, and filtering the successiye portions of the solvent through a dry 
paper into a second porcelain dish. Evaporate the greater portion of the solvent 
on a steam bath, allow the remainder to evaporate spontaneously and test the 
residue as directed above. 

(C) Transfer the residue from the ether extract, obtained as directed above, 
to a small porcelain crucible by means of a few cc. of ether and allow the solvent 
to evaporate spontaneously. Cut a hole in a piece of asbestos board sufficiently 
large to admit about two thirds of the crucible, cover the latter with a small, round- 
bottomed flask filled with cold water, and heat over a small Bunsen flame until 
any salicylic acid present has sublimed and condensed upon the bottom of the 
flask. Test the sublimate as directed above. 

3 Jorissen's TesO — Qualitative, 

Dissolve the residue from the ether extract, obtained as directed under 2, or, 
in case impurities are present, the purified material obtained as directed under 2 
(a), (b) or (C) in a little hot water. Cool 10 cc. of the solution in a test tube, add 

4 or 5 drops of 10% potassiim:! nitrite solution, 4 or 5 drops of 50% acetic acid and 
1 drop of 10% cupric sulphate solution, mix thoroughly and heat to boiling. Boil 
for half a minute and allow to stand for 1-2 minutes. In the presence of salicylic 
acid a blood red color will develop. 

CoUmtnetric Method, — Qttantitative. 

4 XXTRACmON. 

Pipette a convenient portion of the sample (100 cc. or a volume representing not 
less than 20 grams of the original sample) or a solution, prepared as in 1 , into a sepa- 
ratory funnel, make the solution neutral to litmus with dilute hydrochloric acid 
(1 to 3) and add an excess of concentrated hydrochloric acid equivalent to 2 cc. 
of acid for each 100 cc. of solution. Extract with 4 separate portions of ether, 
using for each extraction a volim:ie of ether equivalent to half the volume of the 
aqueous layer. If an emulsion forms on shaking, this may usually be broken by 
* adding a little (one fifth the volume of the ether layer) petrolemn ether (b. p. be- 
low 60^C.) and shaking again or by centrifugalizing. If an emulsion still persists, 
allow it to remain with the aqueous layer. If an emulsion remains after the 
fourth extraction, separate it from the clear ether and the clear aqueous layer 
and extract it separately with 2-3 small portions of ether. Combine the ether 
extracts, wash with one tenth their volim:ie of water, allow the layers to separate 
and reject the aqueous layer. Wash in this way imtil the aqueous layer after sepa- 
ration 3rields a yellow color upon the addition of methyl orange and 2 drops of N/10 
sodium hydroxid. Distil slowly the greater part of the ether, transfer the remainder 
to a porcelain dish and allow the ether to evaporate spontaneously. If there are 
no interfering substances present, proceed as directed in 5. If such interfering 
substances are present, purify the residue by one of the following methods: 

(a) Dry thoroughly the residue in vacuo over sulphuric acid and extract with 
10 portions of 10-15 cc. each of carbon disulphid or petroleim:i ether (b. p. below 
OO^C), rub the contents of the dish with a glass rod and filter the successive portions 
of the solvent through a dry filter into a porcelain dish. Test the extracted resi- 
due with a drop of ferric alim:i solution and, if it gives a reaction for salicylic acid, 
dissolve it in water and reextract with ether, proceeding as directed above. Dis- 
til the greater portion of the carbon disulphid or petrolemn ether and allow the 
remainder to evaporate spontaneously. Proceed as directed in 5. 
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(b) Dissolve the residue in 40-50 cc. of ether. Transfer the ether solution to 
a separatory funnel and extract with 3 successiye 15 cc. portions of 1% ammonium 
hydroxid. (If fat is known to be present in the original ether extract, extract the 
latter directly with 4 portions of the ammonium hydroxid instead of 3.) Combine 
the alkaline aqueous extracts, acidify, again extract with ether and wash the com- 
bined ether extracts as directed above. Distil slowly the gi eater portion of the 
ether, allow the remainder to evaporate spontaneously and proceed as directed in 5. 

5 DETERMINATION. 

Dissolve the residue, obtained in 4, in a small amount of hot water and, after 
cooling, dilute to a definite volume (usually 50-100 cc), dependent on the amount 
of salicylic acid present. If the solution is not clear, filter through a dry filter. 
Dilute aliquots of the solution and treat with a few drops of 0.5% ferric chlorid 
solution or 2% ferric alum solution. 

The ferric alum solution should be boiled until a precipitate appears, allowed to 
settle, and filtered. The aciditv of the solution is slightly increased in tnis manner, 
but it remains clear for a considerable time, and the turbidity caused hjr its dilution 
with water is much less and does not appear as soon as when the unboiled solution 
is used. This turbidity interferes with the exact matching of the color. 

Compare the colors developed with that obtained when a standard salicylic acid 
solution (containing 1 mg. of salicylic acid in 50 cc.) is similarly treated, using 
Nessler tubes or a colorimeter. In either case, and especially with ferric chlorid, 
avoid an excess of the reagent, although an excess of 0.5 cc. of 2% ferric aliun solu- 
tion may be added to 50 cc. of the comparison solution of salicylic acid without 
impairing the results. 

BENZOIC ACID. 
FBEPARATION OF SAMPLE. 

6 Oeneral Method. 

If solid or semi-solid, grind the sample, and mix thoroughly. Transfer about 
150 grams to a 500 cc. graduated flask, add enough pulverized sodiim:! chlorid to / 
saturate the water in the sample, render alkaline with sodiimi hydroxid solution 
or milk of lime, and dilute to the mark with a saturated salt solution. Allow to 
stand for at least 2 hours, with frequent shaking, and filter. If the sample contains 
large amounts of matter precipitable by salt solution, it is advisable to follow a 
method similar to that given under 7 (d). When alcohol is present, follow the 
method given under 7 (C). When large amounts of fats are present, make an 
alkaline extraction of the filtrate before proceeding as directed under 1 1 . 

7 Special Methods, 

(a) Ketchup. — Saturate the water in 150 grams of ketchup by adding 15 grams of 
pulverized sodium chlorid. Transfer the mixture to a 500 cc. graduated flask, rins- 
ing with about 150 cc. of saturated sodium chlorid solution. Make slightly alkaline 
to litmus paper with strong sodium hydroxid solution and fill to the mark with satu- 
rated salt solution. Allow to stand for at least 2 hours, shaking frequently. 
Squeeze through a heavy muslin bag and then filter through a large folded filter. 

(b) JeUies, jams, preserves and marmalades, — Dissolve 150 grams of the sam- 
ple in about 300 cc. of saturated salt solution. Add 15 grams of pulverized sodium 
chlorid. Make alkaline to litmus paper with milk of lime. Transfer to a 500 cc. 
graduated flask and dilute to the mark with saturated salt solution. Allow to 
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stand for at least 2 hourSi shaking frequently, centrifugalize if necessary, and 
filter through a large folded filter. 

(C) Cider containirig aUoholj and nmilar products. — ^Make 250 cc. of the sample 
alkaline to litmus paper with sodium hydroxid solution and evaporate on the steam 
bath to about 100 cc. .Transfer the sample to a 250 cc. graduated flask, add 30 grams 
of pulverized sodium chlorid and shake until dissolved. Dilute to the original 
volume, 250 cc, with saturated salt solution, allow to stand for at least 2 hours, 
shaking frequently, and filter through a folded filter. 

(d) Salted or dried fish. — Wash 50 grams of the ground sample into a 500 cc. gradu- 
ated flask with water. Make slightly alkaline to litmus paper with strong sodium 
hydroxid solution and dilute to the mark with water. Allow to stand for at least 
2 hours, shaking frequently, and then filter through a folded filter. Pipette accu- 
rately as large a portion of the filtrate as possible (at least 300 cc.) into a second 
500 cc. flask. Add 30 grams of the pulverised sodium chlorid for each 100 cc. of 
solution. Shake until the salt has dissolved and dilute to the mark with saturated 
salt solution. Mix thoroughly and filter off the precipitated protein matter on 
a folded filter. 

8 DSTBCTION AUD bstdcation. 

Extract benzoic acid as directed under 2 or 4. If benzoic acid is present in 
considerable quantity, it will crystallize from the ether in shining leaflets having 
a characteristic odor on heating. Dissolve the residue in hot water, divide into 
2 portions, and test according to 9 or 10. 

9 Ferric Chlorid Test.^Qualitative. 

Make the solution from 8 alkaline with ammonium hydroxid, expel the excess of 
ammonia by evaporation, dissolve the residue in water, and add a few drops of a 
neutral 0.5% ferric chlorid solution. A brownish precipitate of ferric benzoate 
indicates the presence of benzoic acid. 

10 Modified Mohler TesL^^-^udlitative. 

Add to the water solution, prepared as described under 8, 1-3 cc. of N/3 sodium 
hydroxid and evaporate to dryness. To the residue, add 5-10 drops of concentrated 
sulphuric acid and a small crystal of potassiiun nitrate. Heat for 10 minutes in 
a glycerol bath at 120''-130''C., or for 20 minutes in a boiling water bath. The 
temperature must not exceed 130^C. After cooling add 1 cc. of water and make 
distinctly ammoniacal; boil the solution to decompose any ammonium nitrite which 
may have been formed. Cool and add a drop of fresh, colorless ammonium sulphid, 
without allowing the layers to mix. A red-brown ring indicates benzoic acid. 
On mixing, the color diffuses through the whole liquid and, on heating, finally changes 
to greenish yellow. This differentiates benzoic acid from salicylic acid or cinnamio 
acid. The last two form colored compounds, which are not destroyed by heating. 
The presence of phenolphthalein interferes with this test. 

11 QiMntitative Method. 

Pipette a convenient portion (100-200 cc.) of the filtrate, obtained in 6 or 7, into a 
separatory funnel. Neutralize the solution to litmus paper with hydrochloric 
acid (1 to 3) and add an excess of 5 cc. of the same acid. In the case of salted fish 
a precipitation of protein matter usually occurs on acidifying, but the precipitate 
does not interfere with the extraction. Extract carefully with chloroform, using 
successive portions of 70, 50, 40, and 30 cc. To avoid an emulsion, shake cautiously 
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each time. The chloroform layer usually separates readily after standing a few 
minutes. If an emulsion forms, break it: (1) by stirring the chloroform layer with 
a glass rod ; (2) by drawing it off into a second funnel and giving 1 or 2 sharp shakes 
from one end of the funnel to the other; or (3) by centrifugalizing for a few moments. 
As this is a progressive extraction, draw off carefully as much of the clear chloro- 
form solution as possible after each extraction, but do not draw off any of the emul- 
sion with the chloroform layer. If this precaution is taken, the chloroform extraet 
need not be washed. 

Transfer the combined chloroform extracts to a porcelain evaporating dish, 
rinse the container several times with a few cc. of chloroform, and evaporate to 
dryness at room temperature in a current of air dried over calcium chlorid. 

The extract may also be transferred from the separatory funnel to a 300 cc. Erlen- 
meyer flask, rinsing the separatory funnel 3 times with 5-10 cc. of chloroform. Dis- 
til very carefully to about one fourth the original volume, keeping the temperature 
down so that the chloroform comes over in drops, not in a steady stream. Then 
transfer the residue to a porcelain evaporating dish, rinsing the flask 3 times with 
5-10 cc. portions of chloroform, and allow to evaporate to dryness spontaneously. 

Dry the residue overnight (or until no odor of acetic acid can be detected if the 
product is a ketchup) in a desiccator containing sulphuric acid. Dissolve the resi- 
due of benzoic acid in 30-50 cc. of neutral alcohol, add about one fourth this volume 
of water, 1 or 2 drops of phenolphthalein, and titrate with N/20 sodium hydroxid 
(1 cc. is equivalent to 0.0072 gram of anhydrous sodium benzoate). 

SACCHARIN. 

12 Qucditative Test. 

Extract with ether (after maceration and exhaustion with water, if necessary), 
as directed in 1 and 4. Allow the ether extract to evaporate spontaneously and 
note the taste of the residue. The presence of saccharin, to the extent of 2K) mg. 
per liter, is indicated by a sweet taste. Confirm by heating with sodium hydroxid, 
as described below, and detecting the salicylic acid formed thereby. A sweet taste, 
suggesting the presence of a trace of saccharin, has been obtained frequently in 
saccharin-free wines, due to the so-called ''false saccharin". 

Acidify 50 cc. of a liquid food or the aqueous extract of 50 grams of a solid or semi- 
solid, prepared as directed in 1 (C), and extract with ether as directed in 13. Dis- 
solve the residue, remaining after evaporation of the ether, in a little hot water 
and test a small portion of this solution for salicylic acid as directed under 2 or 3. 
Dilute the remainder of the solution to about 10 cc, and add 2 cc. of sulphuric 
acid (1 to 3). Heat to boiling and add a slight excess of 5% potassium perman- 
ganate solution, drop by drop; partly cool the solution, dissolve a piece of sodium 
hydroxid in it, and filter the mixture into a silver dish (silver crucible lids are well 
adapted to the purpose); evaporate to dryness and heat for 20 minutes at 210^- 
215''C. Dissolve the residue in water, acidify with hydrochloric acid and test the 
ether extract for salicylic acid as directed under 2 or 3. By this method all the 
so-called "false saccharin" and the salicylic acid naturally present (also added 
salicylic acid when not present in too large an amount) are destroyed, while 5 mg. 
of saccharin per liter are detected with certainty. 

13 Quantitaiive Method. 

Pipette 100 cc. of the sample, or a convenient portion of a solution, prepared 
as directed under 1 , representing not less than 20 grams of the sample, into a sepa- 
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ratory funneli make the solution neutral to litmus with dilute hydrochloric acid 
(1 to 3) and then add concentrated hydrochloric acid in the proportion of 5 cc. for 
each 100 cc. of solution. Extract with 4 separate portions of ether using, for each 
-extraction, a yolimie of ether equiyalent to half the volume of the aqueous layer. 
If the mixture emulsifies on shaking, this difficulty may be overcome as directed 
under 4. Wash the combined ether extracts with two 5 cc. portions of water, re- 
move the ether by distillation, and transfer the residue into a platimmi crucible 
by means of a small amount of ether. Evaporate the ether on a steam bath, add 
about 2-3 cc. of 10% sodiim:i carbonate solution to the residue, rotate so that all 
of the residue is brought into contact with the solution, and evaporate to dryness 
on a steam bath. Add 4 grams of a mixture of equal parts of anhydrous sodium and 
potassium carbonates, heat gently at first, and then to complete fusion for 30 minutes 
over an alcohol or other sulphur-free flame. Cool, dissolve the melt in water, acidify 
with hydrochloric acid and determine the sulphate present as bariimi sulphate. 
Correct the result thus obtained for any sulphur present in the fusion mixture as 
found in a blank determination. Calculate the amount of saccharin in the sample 
by multiplying the weight of bariim:i sulphate by 0.7845. 

BORIC ACm AND BORATES. 

14 Qualitative Test* 

Preliminary test. — Inmierse a strip of turmeric paper in the sample acidified 
with hydrochloric acid in the proportion of 7 cc. of concentrated acid to each 100 
cc. of sample, and allow the paper to dry spontaneously. If borax or boric acid is 
present, the paper will acquire a peculiar red color, changed by ammoniiun hydroxid 
to a dark blue-green but restored by acid. Solid or pasty samples may be heated 
with enough water to make them sufficiently fluid, concentrated hydrochloric acid 
added in about the proportion of 1 to 13 and the liquid tested in the same way. 

Confirmatory test. — ^Make about 25 grams of the sample decidedly alkaline with 
lime water and evaporate to dr3mess on a water bath. Ignite the residue to de- 
stroy organic matter. Digest with about 15 cc. of water, add concentrated hydro- 
chloric acid, drop by drop, until the ignited residue is dissolved, and then add 1 cc. 
in excess. Saturate a piece of turmeric paper with the solution, and allow it to 
dry without the aid of heat. In the presence of borax or boric acid, the color change 
will be the same as given above. 

15 QtMntitative Method,* 

Make 10-100 grams of the sample (depending upon the nature of the sample 
and the amount of boric acid present) distinctly alkaline with sodium hydroxid 
solution and evaporate to dryness in a platinum dish. Ignite the residue until 
organic matter is destroyed, avoiding an intense red heat, cool, digest with about 
20 cc. of hot water, and add hydrochloric acid, drop by drop, until the reaction is 
•distinctly acid. Filter into a 100 cc. flask, and wash with a little hot water, the 
volume of the filtrate not to exceed 50-60 cc. Return the filter containing any 
unbumed carbon to the platiniun dish, make alkaline by wetting thoroughly with 
lime water, dry on a steam bath and ignite to a white ash. Dissolve the ash in 
a few cc. of dilute hydrochloric acid and add to the liquid in the 100 cc. flask, rins- 
ing the dish with a few cc. of water. To the combined solutions, add 0.5 gram of 
«alcium chlorid and a few drops of phenolphthalein, then 10% sodium hydroxid 
solution until a permanent light pink color is produced, and finally dilute to 
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the mark with lime water. Mix and filter through a dry filter. To 50 cc. of the 
filtrate add N/1 sulphuric acid until the pink color disappearSi then add methyl 
orange, and continue the addition of the acid until the yellow color is changed to 
pink. Boil for about 1 minute to expel carbon dioxid. Cool, and carefully add 
N/5 sodium hydroxid until the liquid assumes a yellow tinge, avoiding an excess 
of the alkali. All the boric acid is now in a free state with no uncombined sulphuric 
acid present. Add a little phenolphthalein, and an equal volimie of neutral glycerol. 
Titrate with N/5 sodium hydroxid until a permanent pink color is produced. About 
10 grams of mannitol may be substituted for the glycerol in this determination. 
At the end of the titration add an additional 2 grams and continue the titration if 
the pink color is discharged. Repeat the alternate addition of mannitol and alkali 
until a permanent end point is reached. 

One CO. of N/5 sodium hydroxid is equivalent to 0.0124 gram of boric acid. 

FORMALDEHYDE. 

16 FBEPARATION OF SAMPLE. 

If solid or semi-solid, macerate 200-300 grams of the material with about 100 cc. 
of water in a mortar. Transfer to a short-necked, 500-800 cc. copper or glass dis- 
tillation flask and make distinctly acid with phosphoric acid, connect with a con- 
denser and distil 40-50 cc. In the case of highly colored liquids, the same method 
of preparation should be employed. 

In the case of meats and fats, extract the formaldehyde with alcohol and use the 
filtrate. In the case of fat, heat the mixture above the melting point of the fat to 
insure thorough extraction. In the case of milk, shake with an equal volume of 
strong alcohol and use the filtrate. Shake other liquids with an equal volume of 
strong alcohol and filter from any insoluble matter. 

QUALITATIVE TESTS. 

17 Phenylhydragin Hydrochlorid Method,* 

Mix 5 cc. of the distillate, as prepared under 16, or of an alcoholic solution or 
extract obtained as directed above, with 0.03 gram of phenylhydrazin hydrochlorid, 
and 4 or 5 drops of a 1% ferric chlorid solution. Add slowly and with agitation, 
in a bath of cold water to prevent heating the liquid, 1-2 cc. of concentrated sul- 
phuric acid. Dissolve the precipitate by the addition either of concentrated sul- 
phuric acid (keeping the mixture cool) or alcohol. In the presence of formaldehyde 
a red color develops. 

This method gives reliable reactions for formaldehyde in solutions of formalde- 
hyde varying from 1 part in 50,000 to 1 part in 150,000. Acetaldehyde and benz- 
aldehyde give no reaction when treated by this method and do not interfere with 
the reaction given by formaldehyde. 

18 Hehner Methods 

Mix about 5 cc. of the distillate, obtained in 16, with an equal volume of pure 
milk, or a 1-2% solution of egg albumen, in a test tube and underlay with strong 
commercial sulphuric acid without mixing. A violet or blue color at the junction 
of the two liquids indicates formaldehyde. This color is given only in the presence 
of a trace of ferric chlorid or other oxidizing agent. As pointed out by Hehner, 
milk may be treated directly by this method and gives positive tests in the presence 
of 1 or more parts of formaldehyde per 10,000. Some other articles of food rich 
in proteins, for example, egg albumen, give the reaction in the presence of water 
without the addition of milk. 
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19 Leach Method. 

Mix about 5 cc. of the distillate, obtained under 16, .with an equal volume of pure 
milk in a porcelain casserole and add about 10 cc. of concentrated hydrochloric 
acid, containing 1 cc. of 10% ferric chlorid solution, to each 500 cc. of acid. Heat 
to 80°-90*^C. directly over the gas flame, rotating the casserole to break up the curd. 
A violet coloration indicates formaldehyde. 

Rimini Method.^ 

20 Phenylhydrazin Hydrochlorid and Sodium Nitro-prussid Test, 

This method may be applied directly to liquid foods, to an aqueous or alcoholic 
extract of solid foods, or to the distillate prepared as directed in 16. In the case 
of milk, apply the method directly. In the case of meat, comminute the sample, 
extract with 2 volumes of hot water, and employ the expressed liquid for the test. 
Heat fats above their melting point with 10 cc. of alcohol, shake thoroughly, cool, 
filter through a moistened filter, and use the filtrate for the test. 

Dissolve a lump of phenylhydrazin hydrochlorid about the size of a pea in 3-5 
cc. of the liquid to be tested, add 2-4 drops (not more) of a 5-10% sodium nitro- 
prussid solution and S-12 drops of an approximately 12% sodium hydroxid solution. 
If formaldehyde is present, a green or blue color develops depending upon the 
amount. When formaldehyde is present to the extent of more than 1 part in 70,000- 
80,000 in the solution tested, a distinct green or bluish green reaction is obtained. 
In more dilute solutions the green tint becomes less marked and a yellow tinge tend- 
ing toward greenish brown develops. 

With this method acetaldehyde and benzaldehyde give a color vailing from 
red to brown, according to the strength of the solution. A reaction may there- 
fore be obtained with these aldehydes similar to that obtained with formaldehyde 
in solutions more dilute than 1 part in 70,033. The presence of acetaldehyde or 
benzaldehyde together with formaldehyde gives a yellowish or yellowish green 
tinge. The reaction for formaldehyde may therefore be masked by the presence 
of other aldehydes, but is characteristic when a clear green color is obtained. 

21 Phenylhydrazin Hydrochlorid and Potaeaium Ferricyanid Test. 

Proceed as directed in 20, substituting a solution of potassium ferricjranid for 
the sodium nitro-prussid. Formaldehyde gives a red color. Alcoholic extracts 
from foods must be diluted with water to prevent the precipitation of potasisium 
ferricyanid. The test is not applicable in the presence of the coloring matter of 
blood. 

22 Phenylhydrazin Hydrochlorid and Ferric Chlorid Test. 

Treat 15 cc. of milk or other liquid food or of the distillate, prepared its directed 
under 16, with 1 cc. of a dilute phenylhydrazin hydrochlorid solution, then with 
a few drops of dilute ferric chlorid solution and, finally, with concentrated hydro- 
chloric acid. The presence of formaldehyde is indicated by the formation of a 
red color, which changes after some time to orange yellow. 

Milk may be examined directly by this method, but more delicate tests may be 
obtained from the distillate from milk or from milk serum. Acetaldehyde or benz- 
aldehyde does not intei-fere with the reaction. 
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23 Phlaroglucol Method.^ 

To 10 cc. of milk or other liquid food under examination in a test tube add, by 
means of a pipette, 2 cc. of phloroglucol reagent (1 gram of phloroglucol, 20 grams of 
sodimn hydroxid and water to make 100 cc.)i placing the end of the pipette on the 
bottom of the tube in such a manner that the reagent will form a separate layer. 

If formaldehyde be present, a bright red coloration (not purple) forms at the 
sone of contact. This solution gives a yellow color in the presence of some alde- 
hydes, and, if it is used for the detection of aldehyde formed by the oxidation of 
methyl alcohol after the destruction of ethyl aldehyde with hydrogen peroxid, an 
orange yellow color will slowly appear when an insufficient amount of hydrogen 
peroxid has been employed. On the other hand, if the excess of hydrogen 
peroxid is not fully destroyed before the use of this reagent, a purple color develops 
slowly. The clear, red color given by the use of this reagent forms quickly, and, 
in the presence of but a small amount of formaldehyde fades rapidly. 

FLUORIDS. 

QUALITATIVE TESTS. 

24 Method I.— Modified Method of BlarezJ 

Thoroughly mix the sample and boil 150 cc. (in the case of solid foods an aqueous 
extract may be employed provided the fluorids are in a soluble form). Add to the 
boiling liquid 5 cc. of 10% potassium sulphate solution and 10 cc. of 10% barium 
acetate solution. Collect the precipitate in a compact mass (a centrifuge may be 
used advantageously) and wash upon a small filter. Transfer to a platinum crucible 
and ignite. 

Dip a carefully cleaned glass plate, while hot, in a mixture of equal parts of Car- 
nattba wax and paraffin and allow to cool. Make, with a sharp instrument, a dis- 
tinctive mark through the wax, taking care not to scratch the surface of the glass. 

Add a few drops of concentrated sulphuric acid to the residue in the crucible 
and cover with the waxed plate, having the mark nearly over the center and mak- 
ing sure that the edge of the crucible is in close contact with it. Keep the top sur- 
face of the plate cool by means of a suitable device and heat the crucible for an hour 
at as high a temperature as practicable without melting the wax (an electric stove 
gives the most satisfactory form of heat). 

If fluorids be present, a distinct etching will be apparent on the glass where it 
was exposed. 

25 Method 11. 

The preceding method may be varied by mixing a small amount of precipitated 
silica with the precipitated barium fluorid and applying the method for the detection 
of fluosilicates, under 27 or 28. 

This method is of value in the case of foods whose ash contains a considerable 
amount of silica. Under these circumstances, concentrated sulphuric acid liber- 
ates silicon fluorid, which would escape detection under 24. 

FLUOBORATES AND FLUOSILICATES. 

26 PRSPARATION OF SAMPLE. 

Make about 200 grams of the sample alkaline with lime water, evaporate to dry- 
and incinerate. Extract the crude ash with water, to which sufficient acetic 
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acid has been added to decompose carbonates, filter, ignite the insoluble portion, 
extract with dilute acetic acid, and again filter. The insoluble portion now con- 
tains calcium silicate and fluorid, while the filtrate will contain all the boric acid 
present. 

QUALITATIVE TESTS. 

27 Method I.^ 

Incinerate the filter, from 26, containing the insoluble portion, mix with a little 
precipitated silica, transfer to a short test tube, attached to a small U-tube contain- 
ing a few drops of water and add 1-2 cc. of concentrated sulphuric acid. Keep 
the test tube in a beaker of water on the steam bath for 30-40 minutes. If any 
fluorin be present, the silicon fluorid generated will be decomposed by the water 
in the U-tube and will form a gelatinous deposition the walls of the tube. 

Next test the filtrate as directed under 14. If both hydrofluoric and boric acids 
be present, it is probable that they are combined as borofluorid. If, however, 
silicon fluorid is. detected and not boric acid, the operation should be repeated with- 
out the introduction of the silica, in which case the formation of the silicon skeleton 
is conclusive evidence of the presence of fluosilicate. In an ash containing an ap- 
preciable amount of silica, sulphuric acid will liberate silicon fluorid rather than 
hydrofluoric acid. The presence of a fluosilicate is indicated, therefore, and not 
the presence of a fluorid. 

28 MeOuid II. 

Incinerate the filter, from 26, containing the insoluble portion, in a platinum 
crucible, mix with a little precipitated silica, and add 1 cc. of concentrated sul- 
phuric acid. Cover the crucible with a watch glass, from the underside of which 
a drop of water is suspended, and heat for an hour at 7O'--80^C., keeping the watch 
glass cooled. The silicon fluorid which is formed is decomposed by the water, leav- 
ing a gelatinous deposit of silica and etching a ring at the periphery of the drop 
of water. Test the filtrate for boric acid as directed under 1 4. 

SULPHUROUS ACm. 

29 Qualitative Tesi.^^ 

Add some sulphur-free sine, and several cc. of hydrochloric acid to about 25 
grams of the sample (with the addition of water, if necessary) in a 200 oc. Erlen- 
meyer flask. In the presence of sulphites, hydrogen sulphid will be generated 
and may be detected with lead acetate paper. Traces of metallic sulphids are 
occasionally present in vegetables, and will give the same reaction as sulphites 
under the conditions of the above test. Positive results obtained by this method 
should be verified by the distillation method under 30. 

It is always advisable to make the quantitative determination of sulphites, 
owing to the danger that the test may be due to traces of sulphids. A trace is not 
to be considered sufficient indication of the presence of sulphur dioxid either as a 
bleaching agent or as a preservative. 

TOTAL SULPHUROUS ACID. 

30 Method I. —Distillation Method. 

Distil 20-100 grams of the sample (adding recently boiled water if necessary) 
in a current of carbon dioxid, after the addition of about 5 cc. of a 20% glacial phos- 
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phoric acid solution, until 150 cc. have passed over. Collect the distillate in about 
100 cc. of nearly saturated bromin water, allowing the end of the condenser to dip 
below the surface. The method and apparatus may be simplified without material 
loss in accuracy by omitting the current of carbon dioxid, adding 10 cc. of phosphoric 
acid instead of 5 cc, and dropping into the distillation flask, immediately before 
attaching the condenser, a piece of sodium bicarbonate weighing not more than 
1 gram. The carbon dioxid liberated is not sufficient to expel the air entirely from 
the apparatus, but will prevent oxidation to a large extent. When the distillation 
is finished, boil off the excess of bromin, dilute the solution to about 250 cc, add 5 
cc. of hydrochloric acid (1 to 3), heat to boiling, and precipitate the sulphuric acid 
with 10% bariimi chlorid solution. Boil for a few minutes longer, allow to stand 
overnight in a warm place, filter on a weighed Gooch, wash with hot water, ignite 
at a dull red heat, and weigh as barium sulphate. 

31 Method II.— Direct Titration Method. 

In the examination of wine, fairly accurate results may be obtained by the fol- 
lowing method: 

Place 25 cc. of 5.6% potassium hydroxid solution in a 200 cc. flask. Introduce 
50 cc of the sample, mix with the potassiimi hydroxid solution, and allow the mix- 
ture to stand for 15 minutes with occasional agitation. Add 10 cc of sulphuric acid 
(1 to 3) and a few cc. of starch solution, and titrate the mixture with N/50 iodin solu- 
tion. Introduce the iodin solution as rapidly as possible and continue the addition 
until the blue color persists for several minutes. One cc. of N/50 iodin is equiva- 
lent to 0.00064 gram of sulphur dioxid. 

DBTBRMINATION OF FRSB SULPHUROUS ACID. 

32 (Especially Adapted to Wine.) 

Treat 50 cc. of the sample in a 200 cc flask with about 5 cc. of sulphuric acid 
(1 to 3) add about 0.5 gram of sodium carbonate to expel the air, and titrate the sul- 
phurous acid with N/50 iodin, as directed under 31. 

BETA-NAPHTHOL. 

33 Qualiiative Test. 

Extract 200 cc of the sample, or of its aqueous extract, prepared as directed 
under 1 (C), with 10 cc. of chloroform in a separatory funnel. To the chloroform 
extract in a test tube add a few drops of alcoholic potash, and place in a boiling 
water bath for 2 minutes. The presence of beta-napthol is indicated by the forma- 
tion of a deep blue color, which changes to green and then to yellow. 

ABRASTOL. 
QUALITATIVE TESTS. 

34 Sinihaldi Method.^* 

Make 50 cc of the sample alkaline with a few drops of ammonium hydroxid and 
extract with 10 cc of amyl alcohol, adding ethyl alcohol if an emulsion is formed. 
Decant the amyl alcohol, filter if turbid, and evaporate to dryness. Add to the 
residue 2 cc of nitric acid (1 to 1), heat on the water bath until half of the liquid 
is evaporated, and transfer to a test tube with the addition of 1 cc of water. Add 
about 0.2 gram of ferrous sulphate and an excess of anmionium hydroxid, drop by 
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drop, with constant shaking. If the resultant precipitate is of a reddish color, 
dissolve it in a few drops of sulphuric acid, and add ferrous sulphate and ammonium 
hydroxid as before. As soon as a dark colored or greenish precipitate is obtained, 
introduce 5 cc. of alcohol, dissolve the precipitate in sulphuric acid, shake well and 
filter. In the absence of abrastol this method gives a colorless or light yellow liquid, 
while a red color is produced in the presence of 0.01 gram of abrastol. 

35 Sangli'Ferrihe Method.^* 

Boil 200 cc. of the sample with 8 cc. of concentrated hydrochloric acid for an 
hour in a flask fitted with a reflux condenser. Abrastol is thus converted into beta- 
naphthol and is detected as directed under 33. 

SUCROL OR DULCIN. 
QUAUTATIVE TESTS. 

36 Morpurgo Method,^* 

Evaporate about 100 cc. of the sample, or of the aqueous extract prepared as 
directed under 1 (C) and neutralized with acetic acid, to a sirupy consistency after 
the addition of about 5 grams of lead carbonate, and extract the residue several 
times with 90% alcohol. Evaporate the alcoholic extract to dryness, extract the 
residue with ether, and allow the ether to evaporate spontaneously in a porcelain 
dish. Add 2 or 3 drops each of phenol and concentrated sulphuric acid and heat 
for about 5 minutes on the water bath, cool, transfer to a test tube and overlay with 
ammonium hydroxid or sodiimi hydroxid solution with the least possible mixing. 
The presence of dulcin is indicated by the formation of a blue color at the zone of 
contact. 

37 Jorissen Method,^* 

Suspend the residue from the ether extract obtained as directed above in about 
5 cc. of water; add 2-4 cc. of an approximately 10% solution of mercuric nitrate, 
and heat for 5-10 minutes on the water bath. In the presence of sucrol a violet blue 
color is formed, which is changed to a deep violet on the addition oi, lead peroxid. 

FORMIC ACm. 

Quantitaiive Method,^ 

38 BEAGENTS. 

(a) Sodium acetate solution, — Dissolve 50 grams of dry sodium acetate in suffi- 
cient water to make 100 cc. and filter. 

(b) Mercuric chlorid reagent, — Dissolve 100 grams of mercuric chlorid and 150 
grams of sodimn chlorid in sufficient water to make 1 liter and filter. 

(C) Tartaric acid, 

(d) Barium carbonate. 

39 APPARATUS. 

The apparatus required (Fig. 6) consists of a steam generator {S), a 300 cc. flaak 
(A) in which the sample is placed, a 500 cc. flask (B), containing a suspension of bari- 
um carbonate, a spray trap {T), a condenser, and a 1 liter graduated flask (C). 
The tip of the tube (D), leading into (B), consists of a bulb containing a number 
of small holes to break the vapor into small bubbles. 
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FIG. «. APPARATUS FOR DETECTION OF FORMIC ACID. 
40 DETERMINATION. 

For thin liquids like fruit juices, use 50 cc. For heavy liquids and semi-solids 
like sirups and jams, use 50 grams diluted with 50 cc. of water. Place the sam- 
ple in the flask (A), add 1 gram of tartaric acid, and connect as shown in Fig. 0, 
the flask (B) having been charged previously with a suspension of 2 grams of barium 
carbonate in 100 cc. of water. If much acetic acid is present, sufiScient bariimi 
carbonate must be used so that at least 1 gram remains at the end of the operation. 
Heat the contents of flasks (A) and (B) to boiling and distil with steam from the 
generator (S), the vapor passing first through the sample in flask {A), then through 
the boiling suspension of barium carbonate in (B), after which it is condensed, and 
measured in the graduated flask (C). Continue the distillation until 1 liter of dis- 
tillate is collected, maintaining the volume of the liquids in the flasks (A) and (B) 
as nearly constant as possible by heating with small Bunsen flames, and avoid- 
ing charring of the sample in the flask (A), After 1 liter of distillate has been col- 
lected, disconnect the apparatus and filter the contents of flask (B) while hot, wash- 
ing the barium carbonate with a little hot water. The filtrate and washings should 
now measure about 150 cc. If not they should be boiled down to that volume. Then 
add 10 cc. of the sodium acetate, 2 cc. of 10% hydrochloric acid, and 25 cc. of the 
mercuric chlorid reagent. Mix thoroughly and immerse the container in a boil- 
ing water bath or steam bath for 2 hours. Then filter on a tared Gooch, wash the 
precipitate thoroughly with cold water and finally with a little alcohol. Dry in a 
boiling water oven for 30 minutes, cool, weigh, and calculate the weight of formic 
acid present by multiplying the weight of the precipitate by 0.0975. If the weight 
of mercurous chlorid obtained exceeds 1.5 grams, the determination must be re- 
peated, using more mercuric chlorid reagent or a smaller amount of sample. A blank 
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test should be conducted with each new lot of reagents employed in the reduction, 
using 160 cc. of water, 1 cc. of 10% bariiun chlorid solution, 2 cc. of 10% hydrochloric 
acid, 10 cc. of the sodium acetate, and 25 cc. of the mercuric chlorid reagent, heat- 
ing the mixture in a boiling water bath or steam bath for 2 hours. The weight of 
mercurous chlorid obtained in this blank test must be deducted from that obtained 
in the regular determination. 
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PBOCEEDINGS OF THE TfflRTY-SECOND ANNUAL 

CONVENTION OF THE ASSOCIATION OF OFFICIAL 

AGRICULTURAL CHEMISTS, 1915. 

FIRST DAY. 

MONDAY— MORNING SESSION. 

The thirty-second annual convention of the Association of OflScial 
Agricultural Chemists was called to order by the President, C. H. Jones, 
of Burlington, Vt., on the morning of November 15, 1915, at the Raleigh 
Hotel, Washington, D. C. 

REPORT ON WATER. 

THE SEPARATION AND DETERMINATION OF CALCIUM AND 

STRONTIUM. 

By W. W. Skinner (Bureau of Chemistry, Washington, D. C), Referee. 

As a result of the experimental work reported by the referee last year, 
the Stromeyer-Rose method for the separation and determination of 
calcium and strontium was modified by substituting for cold water here- 
tofore used a 1% solution of ammonium oxalate for washing the precipi- 
tate of the mixed oxalates. As shown by Holleman, Kohlrausch, Richards 
and others, the solubility of calcium oxalate in cold water and also in 
hot water is so low that it may be disregarded as a factor of accuracy 
in ordinary analytical work. The error in the determination of calcium, 
due to the solubility of the oxalate, should not be in excess of 1 mg. of 
calciiun when the quantity of precipitate is such that 200 cc. or less of 
wash water are required. 

Strontiiun oxalate, however, as shown by the experimental work re- 
ported last year, is quite soluble in hot water and sufficiently soluble in 
cold water to cause serious error in the determination of strontium. Thi^ 
is particularly true when relatively small amounts of strontium are to 
be separated from large amounts of calcium, requiring a greater amount 
of washing of the precipitate. The method was further modified by pro- 
viding for 2 extractions of the mixed nitrates with the ether-alcohol mix- 
ture, which increased the quantity of solvent used. 

The method as modified is as follows: 

113 
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DBTBRMINATIOir OF CALCIUM AITD STROITTiniL 
Calcium, 

Combine the 2 filtrates obtained from the precipitates of iron and aluminium, 
concentrate to 150-200 cc. and to this solution, containing not more than 0.6 gram of 
calcium, calculated as calcium oxid, or 1 gram of magnesimn, calculated as mag- 
nesimn pyrophosphate, add 1-2 grams of oxalic acid and sufficient hydrochloric acid 
to clear the solution. Heat to boiling and neutralize with anmionium hydroxid, 
stirring constantly. Add anmionimn hydroxid in slight excess and allow to stand 
for 3 hours in a warm place. Filter off the supernatant liquid and wash the precip- 
itate once or twice by decantation with 1% anmionium oxalate solution. Dissolve 
the precipitate in hydrochloric acid, dilute to 100-200 cc, add a little oxalic acid, 
and precipitate as above. After standing for 3 hours, filter, wash with the anmionium 
oxalate solution as before, dry, ignite, heat over a blast lamp, and weigh as calciiun 
and strontium oxids. Subtract from this weight the weight of strontimn oxid 
equivalent to the strontium sulphate found. The difference is the weight of calcium 
oxid. Calculate to calcimn. 

As a check on the calcium oxid, evaporate to dryness the combined filtrates from 
the strontimn nitrate, dissolve the calcium nitrate in water, precipitate as oxalate, 
filter, wash, ignite and weigh as calcium oxid. 

Strontium. 

Dissolve in dilute nitric acid the oxids obtained in the determination of calcium 
and test with the spectroscope for strontium. If strontiimi is present, transfer the 
nitric acid solution to a small Erlenmeyer flask. Evaporate nearly to dryness over 
a low flame and heat in an air bath at 150^-160^C. for 1 or 2 hours after the water 
is evaporated. Break up the dried material with a stirring rod, add 10-15 cc. of a 
mixture of equal parts of absolute alcohol and ether to dissolve the calcium nitrate. 
Cork the flask and allow to stand with frequent shaking for 2 hours or longer. De- 
cant the solution through a 5.5 cm. filter, preserving the filtrate. Wash the residue 
several times by decantation with small portions of ether-alcohol solution. Dry 
the residue and the filter paper and wash the filter paper repeatedly with small 
portions of hot water, collecting the filtrate in the flask containing the main portion 
of the strontium nitrate residue. Add 1 or 2 drops of dilute nitric acid, evaporate, 
dry, pulverize, and treat with 10-15 cc. of ether-alcohol mixture as before. Cork 
the flask and let stand for about 12 hours with occasional shaking. Filter, wash 
with ether-alcohol mixture until a few drops of the filtrate evaporated on a watch 
glass leave practically no residue. Dry the paper and precipitate. Dissolve the 
strontium nitrate in a few cc. of hot water. Add a few drops of sulphuric 
acid, then a volume of alcohol equal to the volume of the solution and allow to 
stand for 12 hours. Filter, ignite, weigh as strontium sulphate and calculate to 
strontium. Test spectroscopically for absence of calcium. 

A copy of this method, together with the sample specially prepared 
for the purpose, was sent to 10 chemists who had signified a desire to 
undertake the cooperative work and reports have been received from 
6 of them. 

The solution prepared for the cooperative work contained in the 
aliquot taken for examination 203 mg. of calcium and 21.8 mg. of 
strontium. 
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Rendtt of eoOperaiive work on ealeium and ttrontium. 



AKALTiT 


CALOUMBT 
DDTBBKNCB 


OALauM Dnocr 


■TBOMTIXTM 


H. P. Corson, Illinois State Water 
Survey, Urbana, 111. 


Mg.inlOoe. 
200.9 


Mg. in 10 ee, 
198.6 


Mg, in 10 ee. 
21.9 


0. B. Winter, Agricultural Experi- 
ment Station, East Lansing, 
Mich. 


204.6 
203.9 


197.1 
196.1 


17.1 
16.9 


E. L. Griffin, Department of Agri- 
culture, Washington, D. C. 


203.2 
203.5 
203.4 


201.5 
200.1 
203.2 


18.1 
18.1 
17.9 


P. L. Hibbard, Agricultural Experi- 
ment Station, Berkeley, Cal. 


203.2 
202.3 
202.8 
202.9 


lost 

lost 

lost 

201.8 


20.0 
21.9 
21.0 
21.0 


J. W. Sale, Bureau of Chemistry, 
Washington, D. C. 


203.9 
203.8 
202.8 
203.7 


202.6 
203.2 
202.9 
202.7 


19.1 
18.8 
19.0 
19.6 


W. F. Baughman, Bureau of Chem- 
istry, Washington, D. C. 


204.1 
203.7 
204.3 


202.1 
202.1 
201.9 


19.3 
20.1 
20.3 


Matiiy^iIP^ 


204.6 
200.9 
203.3 
203.0 


203.2 
196.1 
201.1 
203.0 


21.9 


l^inimum 


16.9 


Average 


19.4 


Theory 


21.8 







By referring to the table it will be noted that the average of the 17 
results reported for calcium by difference varies from theory by only 
0.3 mg. or 0.15%; while the difference between the highest and the low- 
est result is only 3.7 mg. These results are as good as could be ex- 
pected and confirm the observations of the referee upon the results 
reported in 1913 to the effect that the method for the separation of cal- 
cium from strontixmx and the determination of calciiun by the indirect 
method leaves little to be desired. The calcium direct is slightly low, the 
average for the 14 results reported being 1.9 mg. or approximately 0.93% 
below theory. The cause of the low results may be due to an imperfect 
extraction by the ether-alcohol mixture of the calcium nitrate from the 
mixed calciiun and strontium nitrates but, if so, it apparently does not 
affect the final result for strontiimi. 

The results reported for strontium while uniformly slightly lower than 
theory are fairly satisfactory. The results reported by the 6 analjrsts 
at this time are fairly concordant and much superior to the results re- 
ported in 1913. The work this year and that of previous years shows 
conclusively that the separation of the calcium and strontium nitrates 
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by the 2 or more treatments with the ether-alcohol mixture is quite satis- 
factory, and also that the modified method, substituting a 1% ammonium 
oxalate solution for cold water in the washing of the mixed oxalates, has 
eliminated the error in the determination of strontium due to the solu- 
bility of strontium oxalate in washing. And while it must be admitted 
the method gives slightly low results for strontixim, due probably to the 
fact that strontium does not completely precipitate as oxalate, — con- 
siderably less so than does calcium, — the results of the investigation and 
study of the method extending over a period of 4 years are such as to 
warrant the Association in adopting the method as official and it is so 
recommended by the referee. The method is presented for its first 
reading for final adoption as provided in the By-Laws of the Association. 

DISCUSSION. 

Mr. Skinner: The Committee on Editing Methods of Analysis, Mr. Doolittle, 
Chairman, early in the year asked the referee to review the methods for the anab'sis 
of water. This review showed our methods to be incomplete in that certain stand- 
ard methods in general use had never been proposed for cooperative work by any 
referee and had therefore never been adopted as official or provisional methods by the 
Association, and furthermore, that certain new methods had been substituted for 
older methods that were not at the same time repealed. It appeared advisable, 
since the methods were to be printed in the Journal, that such standard methods be 
included for the sake of completeness, even though they had not been adopted by 
the Association. These methods were inserted therefore and described as ''ten- 
tative*' to distinguish them from the official and provisional methods. The de- 
terminations involved are : turbidity, color, odor, oxygen required (when the chlorin 
content of the sample ia high), dissolved oxygen, specific gravity, hydrogen sulphid, 
free carbon dioxid, temporary hardness, total hardness, permanent or non-carbonate 
hardness. 

It seemed equally advisable to omit from the Journal those methods which have 
been superseded, but which have not been officially repealed by the Association. 
The methods involved are the Pettenkofer method for carbon dioxid and the ammo- 
nium sulphate method for barium and strontium. 

Under the direction of the referee some time has been devoted to a study of meth- 
ods for the determination of the radioactivity of waters. The referee has asked Mr. 
Furber of the Water Laboratory of the U. S. Bureau of Chemistry to present a brief 
statement of the method and the work. 



REPORT ON THE DETERMINATION OF RADIOACTIVITY. 

By F. B. Furber (Bureau of Chemistry, Washington, D. C). 

The Water Laboratory of the U. S. Bureau of Chemistry has been con- 
cerned for some time with the examination of substances claimed to be 
radioactive, chiefly in connection with the enforcement of the Federal 
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Food and Drugs Act. The samples have been the so-called "radio- 
active" bottled mineral waters and various therapeutic preparations. 

This paper is based partly on work reported to the U. S. Bureau of 
Chemistry, January 1, 1915, by Mr. W. D. Collins. Radioactive meas- 
urements made by the writer since that time have confirmed Mr. Collins' 
results and have also established the value of certain other methods. This 
brief account of the experience of the laboratory is presented merely to 
bring the matter to the attention of the Association with the hope that 
eventually uniform procedures for the measurement of radioactivity may 
be adopted by the Association. 

In connection with the routine work, various methods of measurement 
have been tried and different forms of apparatus used. 

The fontactoscope, an apparatus which comprises a gold leaf system 
and a very large detachable discharging chamber to hold samples of water 
from which the emanation is separated by shaking, would seem to be 
unsuited for accurate laboratory measiu*ements, but in the field it is 
considered serviceable by many^ The U. S. Bureau of Chemistry has 
not found field experiments necessary as yet. 

The gamma ray electroscope, which is used in measuring quantities of 
radium as large as a milligram, has not been needed. 

An alpha ray electroscope* used by this laboratory for measurement of 
the radioactivity of substances in solid form makes possible a very rapid 
and fairly acciu'ate examination of certain drugs and minerals. 

An active solid introduced into the discharging chamber gives off 
chiefiy alpha particles which ionize the enclosed air, thus allowing the 
charge imposed on a gold leaf to escape rapidly. The rate of fall of the 
leaf is noted just as with an emanation electroscope. 

The electroscopes most used in this laboratory are of the emanation 
type and resemble one made by Charles W. Cook (Manchester, England) 
irfter the pattern of Rutherford'. They were made according to speci- 
fications which allowed for some modifications of the original. The com- 
paratively small number of samples to be examined made it unnecessary 
to use an interchangeable electroscope of the kind described by Lind^. 
Also, since in many samples no radioactivity could be detected, it seemed 
better to have the measuring apparatus in complete fixed units. 

For making accurate measurements of low radioactivity the Wat-er 
Laboratory has followed the generally used method, which is to separate 
the radium emanation from the substance to be examined and then, by 

1 Engler, Sieveking and Koenig. Chem. Ztg., 1914, 88: 425-7, 446-50; Physik. Z., 
1914,16:441-7. 

* Rutherford. Radioactive Transformations. 1906, p. 28. 

* Rutherford. Radioactive Substances and Their Radiations. 1913, p. 90. 

* J.Ind. Eng. Chem., 1915,7: 406^10. 
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means of an electroscope, to compare the effect of this with the effect of 
emanation from a known amoimt of radimn. 

If the sample to be tested is a mineral water or solution, but little treat- 
ment is needed before separating the emanation by boiling. Soluble 
solids are dissolved in water or acids. Insoluble subst-ances are fused 
with mixed sodium and potassiiun carbonates. This fusion is treated 
with dilute sodium carbonate solution and the residue remaining after 
filtration is dissolved in acid. This acid solution and the alkaline ex- 
tract, which is now acidified, are placed in separate flasks, boiled and 
sealed. After about 4 da}^, half the emanation has formed and the 
gases containing it are collected. Boltwood's apparatus^ for separating 
and collecting the emanation has been foimd very satisfactory. If the 
solution is boiled for about 20 minutes, the emanation appears to be 
separated completely. 

The Schlundt and Moore apparatus^ for collecting emanation by boil- 
ing it out, does not work properly unless given very close attention. It 
is possible also to extract emanation from solutions by bubbling air through 
while heating^ and this method is often more simple and convenient than 
others. The gases obtained by boiling the solution are kept for 10 min- 
utes, to allow for the decay of any thorium emanation present, and then 
transferred through a calcium chlorid drying tube to the discharging 
chamber of an emanation electroscope. The rate of fall of the charged 
gold leaf is observed about 3 hours after this. The electroscope is cali- 
brated by measuring the rate of discharge caused by a known amount 
of emanation formed in a standard radium solution. The solution of 
radium barium bromid in hydrochloric acid (1.10 sp. gr.) used in the 
U. S. Bureau of Chemistry was furnished by the U. S. Bureau of Standards. 

The electroscopes have been calibrated also by the use of pitchblende, 
the uranium content of which was determined as described by Brearley*. 
A sample of the ore is dissolved in nitric acid and the emanation collected 
and passed into the electroscope by Boltwood's method. Correction 
is made for the emanation lost spontaneously by sealing up a quantity 
of the ore in a glass tube and at the end of a month transfeiring the col- 
lected emanation to an electroscope by means of a stream of air. The 
temperature at which the sample is kept has an appreciable effect on the 
amount of emanation given off by the ore. If time permits, this correc- 
tion may be eliminated by using the method of solution described by 
Lind and Whittemore* in which the ore is sealed up for a month in the 
flask where it is to be dissolved. Then, when the emanation in equilibrium 

1 Phil. Mag., 1905, 6th ser., 9: 599-613; Am. J. Sci., 1904, 4th ser., 18: 378^7. 
« J. Phys. Chem. 1905, 9: 320-32. 
'Curie. Traits de Radioactivity. 1910, 1:284. 

* Brearley. The Analytical Chemistry of Uranium. 1903; see also U. S. Bur. 
Mines Bull. 70, and J. Am. Chem. Soc, 1914, 86: 2075-8. 
» J. Am. Chem. Soc. 1914, 86: 2071-2. 
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with the ore is all confined, solution in acid gives the total emanation cor- 
responding to the radium present. 

In many cases, to save time and manipulation, departure has been 
made from approved methods given in the literature but a detailed dis- 
cussion is impossible here. For example, in most of the Water Labora- 
tory's work the extra flask of Boltwood's collecting apparatus has been 
found unnecessary and a plain 100 cc. Erlenmeyer flask has been used for 
dissolving certain minerals and boiling strongly active solutions. 

There has not been, as yet, occasion for making an extended investi- 
gation of thorium preparations. Thorium emanation has so short a life 
that it must be measured by passing it in a continuous stream through 
an electroscope. The method of Mache and Bamberger^ seems to be 
the most satisfactory of any in the literature. 

In dealing with mineral waters and most medicinal preparations this 
laboratory reports radioactivity in millimicrocuries (billionths (10"*) 
of a curie)^ per liter of solution or gram of substance. Many results in 
the literature have been expressed in mache or electrostatic units, 
but since so many investigators have not allowed for corrections (chiefly 
the Duane' correction) it is hard to place absolute reliance on their re- 
sults or to make comparisons between results stated in the two different 
systems. For most purposes, however, the mache unit equals 0.37 x 10~* 
curies or the electrostatic unit equals 0.37 x 10"* curies is accepted as 
a satisfactory conversion ratio. The Water Laboratory accepts also 
the uranium-radium ratio of Heinmann and Mcurckwald^. (One gram 
of uranium equals 332.8 x lO""' grams of radium.) 

In regard to the magnitude of amounts of emanation determined, it 
may be said that the emanation electroscopes of the Water Laboratory 
have a limit of sensibility corresponding to 0.005 x 10~* grams of radi- 
um, and will measure easily amounts of emianation corresponding to 
20 X 10~"' grams of radium. 

Some samples of artificial waters and medicinal preparations have 
been found to be as radioactive as claimed on the label. Most natural 
waters, when bottled, lose all their radium emanation after 30 days, 
because they do not contain dissolved radium salts or insoluble suspended 
radioactive matter to make them permanently active. Such waters; 
therefore, and also a number of artificial products, have been found so 
slightly radioactive at the time of sale that, in comparison with actual 
doses of radium salts used in medicine, and with the waters of natural 
springs known for their radioactivity at source, the radioactivity is wholly 
negligible. 

1 Sitzb. kais. akad. WIbs. Wien. Abt., 1914, 123 (Ila): 334r45. 

' One curie is the radioactivity corresponding to one gram of radium element. 

» Compt. rend.. 1905, 140: 681-3; 1910, 150: 1421-3. 

* Phyaik. Z., 1913, 14:303-^. 
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WATER IN FOODS AND FEEDING STUFFS. 

By W. J. McGee (Food and Drug Inspection Laboratory, 
U. S. Custom House, Savannah, Ga.), Referee. 

The principal object of this year's work was the study of the method 
of drying without heat in a vacuum over sulphuric acid. The following 
outline of the method was sent out for trial: 

DRYING IN VACUO WITHOUT HEAT.-OPTIONAL. 

(This method was first suggested by Mr. Trowbridge at the meeting 
of the Association in 1909; approved in 1913 for final action as an optional 
official method in 1914; final action not yet taken.) 

Mix the sample thoroughly and weigh about 2 grams by difference from a stop- 
pered weighing bottle into tared crucibles provided with covers which are tared 
with crucibles. Place 200 c<r. of fresh C. P. sulphuric acid in a good 6 inch vacuum 
desiccator. Put triplicate samples in the desiccator, smear the edges of the latter and 
the stop-cock with lubricant (a mixture of 3 parts of hard paraffin and 5 of vaseline) 
and exhaust by means of a vacuum pump. If a pump is not available, place 10 cc. 
of ether contained in a small beaker in the desiccator and exhaust with a water 
filter pump. It will be found convenient to interpose between the pump and the 
desiccator an empty bottle next to the desiccator and a bottle of water following 
this. Draw the air from the desiccator through the water and turn the desiccator 
stop-cock at just the instant when the water begins to rise in the tube leading from 
the empty bottle. Grently rotate the desiccator 4 or 5 times during the first 12 hours 
to mix the sulphuric acid with the water which has collected as an upper layer. At 
the end of 24 hours open the desiccator, forcing the incoming air to bubble through 
C. P. sulphuric acid. If a good vacuiun has been maintained the samples are ready 
for the first weighing. After weighing place in a desiccator with fresh C. P. sulphuric 
acid and exhaust as before. Rotate the desiccator once or twice during the interval 
and weigh again at the end of 24 hours, repeating this process of drying in vacuo over 
sulphuric acid until the weight is constant. 

REPORTS OF COLLABORATORS. 

W, D. Richardson: Sausage meat {vacuum method). — Constant weight in about 
206 hours with a loss in weight of about 1% less than by the heating methods. 

D, B, Bisbee: Cheese (vacuum method). — ^Weight nearly constant eighth day. 
Loss of weight about 0.4% less than by heating methods. 

J. 0. Clarke: Cottonseed meal (vacuum method). — ^Weight practically constant in 
9-15 dajrs with loss about the same as in heating methods. 

Com meal. — In vacuiun desiccator dried to approximately constant weight in 4 
days and the loss was about 0.4% less than by heating methods. 

Tomato ketchup.— With water content of 83.11% as indicated by heating at lOO'C. 
in water oven, lost 80.15% in vacuo over sulphuric acid in 5 hours, and 81.21% in 
5 days. In another experiment lost 80.53% in 18 hours and 80.72% in 42 hours. Both 
of these experiments were terminated by accident before constant weight was 
attained. 
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Hamburger steak. — In vacuo over sulphuric acid lost 70.42% of its weight in 4 days; 
by heating methods, 71.09%. 

Lean meat. — Ground fine lost 65.56% in 44 hours and 67.10% by heating methods. 

Apple jelly. — ^Lost 21.66% in 48 hours and 27.45% in vacuum oven at 70'*C. 

CatUe Food Laboratory ^ U. S. Bureau of Chemistry: Comparison of this method 
with drying at 100*^C. at the house vacuum (average 86.4) gave the following results : 

Mixed alfalfa, molasses, com feed at lOO^C. — Average pressure 86.4 nmi. Mois- 
ture, 3.60%. 

At 27"* C. — ^Average pressure 7.5 nmi. Moisture 1.89%. 

Bran at lOO^C. — ^Average pressure 86.4 nmi. Moisture 10.79%. 

At i^C. — ^Average pressure 7.5 mm. Moisture 10.43%. 

Linseed meal at lOO^C. — Average pressure 86.4 nmi. Moisture 10.86%. 

At tl^^C. — ^Average pressure 7.5 mm. Moisture 10.71%. 

Table 1. 
Moisture determinations under varying conditions. 
(J. H. Roop, Indiana.) 



BVBnANCM 


DBISD 5 HOtTRB Uf 
BTDBOOSN 
ATlWC. 


DR»D 5 HOURS TN 
VACUO AT 75»C. 


DRIBD IN 6 INCH 
VACUUM DB8ICCA* 
TOB WITH SUL- 
PHURIC ACID 
AVSRAOR 


Cottonseed meal 


Per cent lo8§ 
8.75 

11.65 
4.82 
9.97 

13.01 
8.90 


Per cent loae 
8.10 

11.27 
4.45 
9.57 

12.42 
7.95 


Per cent lo»» 
7.55 


Wheat bran 


11.04 


Com germ meal 


4.36 


Linseed meal 


9.15 


Com and oats 


12.68 


Distillers' grains 


7.64 







C. 0. Swanson: This method has been in use at the Kansas Agricultural College 
for several years and is considered very satisfactory. For flour the drying is con- 
tinued for from 3-5 days. Very moist samples are allowed to remain in the desiccator 
for 3 weeks. A shaking machine is employed to keep the acid stirred up. 

COMMENTS BT THE REFEREE. 

It has been found at the U. S. Food and Drug Inspection Laboratory at Savannah 
that the desiccator acid containing ether and water can be recovered by digesting 
for about 4 hours over a free flame in a Kjeldahl flask with a drop of mercury. A 
study of this method from the work of this and previous years seems to show that it 
can be relied upon when heating the sample is inadmissible; and that it is valuable 
also when subsequent fat extraction is contemplated and heating would tend to 
harden the sample too much. For work of this kind in which time is not a factor it 
may be very convenient to have an official method. 
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Table 2. 



Comparison of dehydrating powers of reagents used in desiccators at 
of 20~SS''C. and at atmospheric pressure. 


room temperature 


8UBSTAKCB 


tum 


8X7LPHUBIC 
ACID 


CALCIUM 
CABBID 


SODIUM 
MKTAL 


CALCIUM 
OXID 


CALCIUM 
CHLOBID 


SODIUM 
BTDBOXID 


Corn meal^ : 


Da\/e 

1 
2 
3 
4 
5 
6 
7 


Percent 
lou 

10.18 
11.13 
11.49 
11.60 
11.74 
11.82 
11.87 


Percent 
lou 

10.06 
10.85 
11.22 
11.29 
11.43 
11.54 
11.53 


Percent 

lOMS 


Percent 
loee 

9.54 
10.69 
11.09 
11.03 
11.20 
11.22 
11.30 


Percent 
lou 

9.22 
9.84 
10.05 
10.02 
10.10 
10.14 
10.14 


Percent 

lou 

7.76 
8.72 
9.21 
9.06 
9.19 
9.28 
9.23 


Lean meat, finely 
ground*: 


1 
2 
3 
4 
5 
6 
7 
10 


43.70 
65.15 
66.04 
66.40 
66.66 
66.65 
66.78 
66.98 


36.20 
63.22 
65.50 
65.97 
66.10 
66.27 
66.38 
66.62 


45.23 
62.69 
63.53 
63.89 
63.98 
64.13 
64.23 
64.40 




28.77 
56.41 
64.08 
64.75 
64.90 
65.12 
65.25 
65.50 




Hamburger steak': 


Houre 

3 
Dayt 

1 
2 
3 
4 


9.00 

59.26 
69.50 
70.16 
70.47 


11.93 

62.17 
69.40 
69.97 
70.24 






8.73 

54.74 
69.15 
69.82 
70.14 












































Tomato paste*: 


1 
2 
3 


77.51 
77.67 
77.98 


40.16 
76.40 
77.10 


77.10 
77.35 
77.50 




77.32 
77.54 
77.64 




Glucose and apple 
jelly': 


1 
2 


18.91 


19.59 
19.62 


17.84 
18.07 




16.43 
16.57 




Pure apple jelly*: 


1 
2 
3 


19.29 
20.17 


20.44 
20.84 
21.11 




18.90 
19.78 
20.19 























> Vacuum oven 12.60%; in hydrogen 13.51%. 

> Loee at 100*C.. 67.10%. 

• Jjom at lOO'C., 71.09%. 
'Vacuum oven at 70*C., 78.4%. 

» Vacuum oven at 70*C.. 23.83%. 

• Vacuum oven at 70*C., 27.45%. 

It appears from this work and from the experience of previous years, particularly 
as reported at the meeting in 1913, that calcium carbid is a desiccator reagent nearly 
as efficient as sulphuric acid and one that is portable. This reagent is good until a 
large percentage of the lumps have loosened up into powder. 

It will be best, however, to continue using sulphuric acid, lime or calcium chlorid 
for precipitates of copper suboxid. 

Leaving phosphorus pentoxid out of the question on account of its high cost aad 
its rapid decrease in efficiency, it appears that the 3 best desiccator reagents are 
sulphuric acid, calcium carbid and calcium oxid, in the order named. 
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RECOMMENDATIONS. 

It is recommended — 

(1) That further work be done in comparing the drying of various 
food and feeding products over sulphuric acid, calcium carbid and cal- 
cium oxid, with any other reagents thought desirable, at atmospheric 
pressure and in a partial vacuum. 

(2) That the method of drying without heat over sulphuric acid as 
outlined above be finally made an official optional method. 

DISCUSSION. 

P. F. Trowbridge: Mr. Grindley of the University of Illinois has usei the method 
with good results — much better than we have been able to obtain at our Missouri 
Laboratory. Some materials present difficulties because they dry to a horn-like 
substance. The referee has not sufficiently emphasized the need for a good vacuum. 
Seven millimeters of mercury are not enough. A pump is necessary. With a pres- 
sure not exceeding 1 mm. it is possible to obtain from 2-10% more moisture from 
grain than by drying at 102^G. 

REPORT ON FOODS AND FEEDING STUFFS. 

By G. L. Bidwell (Bureau of Chemistry, Washington, D. C), Referee. 

The cooperative work this year was all in charge of associate referees. 
It is recommended — 

(1) That the method for the detection of oats bleached with sulphur 
dioxid^ be made official. 

(2) That the method for determining the acidity of com*, be made 
official. 

(3) That the method for determining the acidity of com be studied 
to see if it is applicable to other materials. 

(4) That the eflfect of preliminary drying on {he ether extract content 
of feeds be studied. 

(6) That the use of toluol or other suitable substance as a preservative 
for feed samples be studied. 

(6) That the method of Bryan, Given and Straughn* for the estima- 
tion of sugar in feeds be studied and made official. 

FEED ADULTERATION. 

By C. Cutler (Agricultural Experiment Station, La Fayette, Ind.), 

Associate Referee. 

The work during the past year was confined to the following recommen- 
dation, approved at the 1914 meeting: 
"(1) TTiat samples be sent out for the quantitative determination of 

» U. S. Bur. Plant Industry Circ. 40. 

» Ibid., Bull. 199; U. S. Dept. Agr. Bull. 102. 

» U. S. Bur. Chem. Circ. 71. 
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adulterants on amounts varjdng from 5-25 grams to determine the small- 
est amount necessary to work with to get concordant results." 

The following instructions were sent with the samples to 9 prospective 
collaborators: 

INSTRUCTIONS FOR COLLABORATIVE WORK. 

Quarter the samples, discard alternate quarters until the residue weighs approxi- 
mately 25 grams. Procure a 10 gram sample in the same manner. A hand lens 
may be used in picking out small pieces of adulterants. The use of 20, 30 and 40 
mesh sieves aids the work. 

Sample No, 1 {wheat bran and screenings). — ^Determine the total amount of foreign 
material in 10 and 25 gram portions and identify the same. 

Sample No. 9 (linseed meal containing cottonseed meal and huUs). — ^Detennine 
the total amount of cottonseed meal and hulls in 10 and 25 gram portions. 

Sample No. S (scratch feed). — ^Determine the total amount of grit in 10 and 25 
gram portions; also the total amount of weed seeds present, identifying the prin- 
cipal ones. 

Sample No. 4 (scratch feed containing coarse grit) . 

Sample No. 6 (wheat bran containing screenings). 



RESULTS OF COLLABORATIVE WORK. 
Per cent of adulterants found. 



rORBION 

ICATB- 

BIALIN 

SAMPLE 

NO. 1 



0OTTON8BBD 
MBAL AND 

HULLS IN SAM- 
PLB NO. 2 



WBBD SBBDB 

INSAMPLB 

NO. 3 



GRIT 

INSAMPLB 

NO. 8 



GBrr 

INSAMPLB 
NO. 4 



a* 



iNos m 

SAMPLB 
NO. 5 



n 

»■ 



A. W. Clark and O. ' 
C. McCreary, Ag- 
ricultural Experi- 
ment Station, Ge- 
neva, N. Y. 

B. H. Silberberg, ' 
Bureau of Chem- 
istry, Washington, 

G. W.Hoover and F.' 
G. Smith, Trans- 
portation Build- 
ing, Chicago, 111. 

P. H. Smith and 
Geo. H. Chapman, 
Agricultural Ex- 
periment Station, 
Amherst, Mass. 

Carleton Cutler, Ag- 
ricultural Experi- 
ment Station, La 
Fayette, Ind. 



4.2 



7.5 



3.2 



7.6 



5.0 



4.1 



32.11 



32. 9» 



5.1 



2.1 



4.2 



2.5 



0.58* 



0.45* 



6.8 



5.7 



6.8 



6.6 



33.5» 



15.4» 



25.9 



33.61 



14. 0» 



24.1 



22.6 



19.1 
24.4 



23.6 



21.9 



24.3 
22.8 



24.0 



21.5 



21.1 



23.1 



23.0 
22.4 



5.0 



7.4 



6.0 
6.4 



2.7 2.7 



> Includes miUet. 

* Cottonseed huUs. Estimation of cottonseed meal present based 

* Includes timothy, but not shrirelled alfalfa and clover seeds. 



on microsoopieal ezaminatioa, t45&* 
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The greatest variation in these results is in the determination of grit 
in Sample No. 3. However, the average of the 10 gram samples com- 
pares favorably with the average of the 26 gram samples. 

Sample No. 4, scratch feed, contained very coarse limestone grit. De- 
terminations were made on carefully quartered 26 and 60 gram samples. 
The 2 determinations on the 60 gram sample gave 6.0 and 6.4% grit, show- 
ing a variation of only 0.4%; while the 10 gram sample gave 6%, and 
the 26 gram sample 7.4%. Thus, the larger sample gives more con- 
cordant results on feeds containing coarse grit. 

The variation in percentage of weed seeds found by different analysts 
in scratch feed No. 3, is due to the fact that all small seeds, including millet, 
were determined by 2 of the collaborators reporting. The determinations 
on the 10 and 26 gram samples agree very closely, the average variation 
on 3 determinations being only 0.3%. 

The determinations of screenings in Sample No. 1, and cottonseed 
meal and hulls in Sample No. 2, are fairly concordant on 10 gram and 26 
gram samples. 

The results on Sample No. 6, wheat bran and screenings, made on 10 
and 26 gram samples show identical percentages of foreign materials. 

RECOMMENDATIONS. 

Based upon the facts brought out in this year's results, together with 
experience obtained during the past several years, it is reconmiended — 

(1) That the following method for the approximate estim^ttion of 
foreign material, excluding grit, in feeding stuffs, be adopted a!s a pro- 
visional method: 

PRBPARATION OF SAMPLE. 

Thoroughly mix the original unground sample, quarter, discard diagonally op- 
posite quarters until the remaining 2 quarters weigh id grams. 

DBTBRMINATION. 

Separate the 10 gram sample by means of 20, 30, 40 and 50 mesh sieves. With 
the aid of a hand lens, or other magnifying instrument, pick out foreign materials; 
first from the finest portion, and then from the next finest, and so on in order until 
all portions have been examined. Combine the foreign materials separated and 
weigh. 

(2) That the size of sample of scratch and poultry feeds necessary 
to get concordant results on quantitative grit determinations be fur- 
ther investigated. 

(3) That the following recommendations of 1914 be studied during 
the coming year: 

'^3. That methods for the detection of peat dried at high temperatures 
in feed stuffs be investigated," and "4. That the maximum percentage 
of foreign materials permissible in mill by-products be investigated". 
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REPORT ON CRUDE FIBER. 

By C. K. Francis (Agricultural Experiment Station, Stillwater, Okla.)» 

Associate Referee. 

The work on crude fiber has been confined to a study of the official 
method, with linen and asbestos filters, and the one filtration method, 
using paper as a filter. 

Samples of fat-free kafir com and cottonseed meal were sent to the 
cooperating chemists with the following instructions: 

INSTRUCTIONS TO COLLABORATORS. 

Pass the sample through a 20 mesh sieve. Make all detenninations in triplicate 
and report the time required for the analysis under each method. 

Weigh portions of 2 grams on hard filter papers and extract 4 times with ether, or 
use the residue from the crude fat detennination. 

DBTBRMmATION OF CRUDE FIBBR. 

Method L—OjficialK 

Make the first filtration through linen and the second through asbestos. Report 
fineness of the linen in nmnber of threads to the inch, coimting both wajrs. Dry 
and incinerate as directed under Method 2. Make blank determinations to show 
any loss of weight of the asbestos. 

Method i.—One Filtration Through Paper, 

Brush carefully the dry, fat-free residue into an 800 cc. lipless beaker. Add 200 cc. 
of boiling 1.25% sulphuric acid and boil for 30 minutes, using round-bottomed flasks 
filled with cold water as condensers placed on top of the beakers. The flasks should 
fit closely if the beakers are round and have well-fozmed rims. (Kjeldahl flaaks are 
used in the associate referee's laboratory.) Direct a gentle blast of air into the 
beaker when the foaming becomes serious. At the end of 30 minutes add 200 cc. of 
boiling 3.52% sodium hydroxid and continue the boiling for another 30 minutes. 

A BUchner funnel, outside diameter 10.5 cm., is prepared with a 9 cm. S. & S. No. 
575 hard filter paper. The paper should be moistened with water and pressed well into 
place, so that there will be no holes uncovered and no open channels left about the 
edges. It is advisable to place a glass filter plate over the paper, to protect it and 
to prevent excessive packing of the fiber. 

After the 30 minutes alkali boiling, filter rapidly with the aid of suction, wash with 
boiling water, then with a 1.25% solution of concentrated hydrochloric acid (14 cc. 
made up to 500 cc. with water), until the washings are acid. Much time may be 
saved if the liquid is set aside for about 2 minutes to allow the fine material to settle 
so that the clear liquid may be decanted. Wash with hot water until free from chlo- 
rids, and finally wash the filter several times with 80% alcohol. Remove the paper 
from the funnel. Transfer the residue to a Gooch crucible with the aid of a spatula 
and a small amount of 80% alcohol. Rub the paper lightly with the finger to de- 
tach the last traces of the fiber residue. 

Place the crucible in an oven heated to 105''-110''C. for from 2-6 hours, cool and 
weigh. The material may become dry in 2 hours but when large quantities of fiber 

1 U. S. Bur. Chem. Bull. 107, Rev., p. 56. 
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are present a longer heating will be necessary. Heat for 30 minutes before weighing 
the second time. 

Partially cover the crucible and incinerate at a low red heat for 15 minutes or 
until a white or light gray ash is obtained. Cool and weigh. The loss of weight 
is crude fiber. 

RESULTS OF COLLABORATIVE WORK. 

Table 1. 
Determination of crude fiber and time required. 





KAFIB CORN 


OOTTOirSBBD MSAL 


NUMBIB or 




Official Method 


Proposed 
Method 


Offidal Method 


Proposed 
Method 


or riLTBB- 
UfQCLortm 


0. C. Smith, Agri- 
cultural Experi- 


per cent 

1.73 
1.70 
1.70 


3 


per cent 
1.77 
1.69 
1.64 


koWM 

2 


per cent 

10.38 
10.20 
10.44 


haurt 

3 


per cent 
11.23 
10.59 
10.67 


kovra 
2 


60X67 


ment Station, 






Stillwater, Okla. 






Average 


1.71 




1.70 




10.34 




10.63 










D. G. Morean, Ag- 
ricultural Ex- 


1.81 
1.80 
1.83 


3i 


1.62 
1.78 
1.64 


3 


10.32 
10.42 
10.24 


3i 


11.65 
10.80 
10.61 


3 


60X57 


periment Sta- 
tion, Stillwater, 
Okla. 










Average 


1.81 




1.68 




10.33 




10.70 










G. W. Roark, Ag- 
ricultural Exper- 
iment Station, 


1.80 
1.77 
1.73 







1.63 
1.10 
1.56 




10.11 
10.37 
10.25 




10.81 


6 


42X42 




10.44 






College Station, 
Tex. 






Average 


1.76 




1.431 




10.24 




10.62 










A. S. Wells, Dairy 
and Food Com- 


1.75 
1.80 
1.75 


8 


1.90 
1.89 
1.94 


7 


9.57 
9.60 
9.80 


10 


11.01 


16 


92X92 


mission. Port- 




10.82 






land. Ore. 






Average 


1.76 




1.91 





9.65» 




10.91 










P. F. Trowbridge, 
Agricultural Ex- 
periment Sta- 
tion, Columbia, 
Mo. 


1.62 
1.53 
1.75 


10 


1.64 
1.85 
1.81 


7 


10.05 
10.14 
10.18 


10 


11.16 
11.01 
11.25 


7 


68X71 










Average 


1.60 




1.76 




10.12 




11.14 






G. P. Walton, Bu- 
reau of Chemis- 


1.70 
1.70 
1.79 


4i 


1.54 
1.50 
1.53 


9 


10.87 
10.41 
10,33 


4i 


10.17 

9.41 

10.07 


9 


42X46 


try, Washington, 
D. C. 










Average 


1.73 




1.52 




10.53 




9.88» 











1 Omitted from corrected general average. 
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Table 1,—Conlinued, 





KAFIR CORN 


0OTTON8RBD MRAL 


NUMBIR or 
THRBADS 




Official Method 


Proposed 
Method 


Official Method 


Propoeed 
Method 


OrriLTBR- 

aacLtm 


Jaa. W. Kellogg, 
Department oif 
Agriculture, Har- 
risburg, Pa. 


per cent 
1.62 

1.57 
1.60 


hours 


percent 

3.06 


koure 


per cent 
9.59 
9.59 
9.63 


howe 


per cent 
14.07 


haure 


75X76 










12.65 
















Average 


1.59 




3.06» 




9.601 




13.36» 










W. D. Richardson, 
Swift and Com- 


1.47 
1.60 
1.56 


3 


1.55 
1.58 
1.40 


2 


9.13 
9.48 
9.78 


4 


10.03 
10.37 
10.55 


4r-5 


87X87 


pany, Chicago, 










Average 


1.54 




1.51 




9.46» 




10.31 










F. G. Smith, Trans- 
portation Build- 
ing, Chicago, 111. 


1.64 
1.70 
1.74 


U 


1.91 
1.93 
1.96 


li 


10.64 
10.75 
11.01 


li 


11.19 
11.30 
11.99 


4-8 


68X54 










Average 


1.69 




1.93 




10.80 




11.241 










D. T. Evans, Fort 
Worth, Tex. 


1.69 


1 




U 


10.10 
9.95 
9.42 


u 




2 


80 X 100 




1.67 
































Average 


1.68 








9.82» 


























J. H. Roop, Agri- 
cultural Experi- 
ment Station, La 


1.65 
1.63 
1.60 


3 


1.82 
1.82 
1.75 


5 


9.87 
9.81 
9.96 


3 


10.32 

9.92 

10.30 


5 


75X76 






Fayette, Ind. 






Average 


1.63 




1.80 




9.88» 




10.18» 












General average . . . 
Corrected general 
average. 


1.68 
1.68 





1.83 
1.72 




10.07 
10.39 




10.90 
10.72 

















> Omitted from oorreoted general ayerace. 

COMMENTS OF ANALYSTS. 

(?. W. Roark: Method t was shorter and easier than the regular (Official) 
method but there was difficulty in filtering through paper; also, it is believed, there 
is some loss around the edges of the paper. 

A. S. Wells: Fine material passes through the linen during the first filtering. This 
is the main objection to the official method. The proposed method worked fairly 
well with the sample of kafir corn, but the sample of cottonseed meal packed so 
hard that it could not be removed without taking off some of the filter paper. 

P. F, Trowbridge: After trying a great number of samples of muslin and linen 
we secured a very fine grade of muslin, 98 x 102 threads per inch. The best grade 
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of linen we were able to secure ran 68 x 71 threads to the inch. Furthermore, the 
particles of fiber adhere much more to the linen threads than to the muslin threads. 

Considerable difficulty was experienced in filtering through asbestos. The 
proposed method was more rapid than the official method, but the filtering was 
slow and there was difficulty in transferring the fiber from the paper to the Gooch 
crucible. Whenever any modification of the Sweeney method has been tried with 
single filtration higher results have always been obtained. 

O. P. Wcdton: As pointed out in last year's report by this laboratory on crude 
fiber, this one filtration method so modifies the regular method as to mske it ex- 
tremely improbable that results from the 2 methods can be reconciled. Besides 
the question of the redissolving of substances precipitated, on making the acid 
liquid alkaline, there is the real objection to digesting with twice th6 volume of 
1.25% sodium hydroxid solution specified in the official method. 

The transfer of the fiber residuum is a tedious operation, and difficulty was 
experienced in obtaining all of it without including fiber from the filter paper. 

Directions to wash finally with strong alcohol should be incorporated in the 
official method. 

J. W. Kellogg: Proposed method entirely unsatisfactory when compared with 
the official method. 

W. D, Richardson: With such samples as cottonseed meal it was found quite 
difficult to pass 400 cc. through the same filter, as the pores soon became clogged 
and made the filtration and washing unsatisfactory. Kafir corn gives good results 
by this method and is easy to handle. 

F, G. Smith: Method $ required from 4-8 hours to make the digestion and filtra- 
tion, in one case it being practically impossible to complete the filtering. 

D, T, Evans: The filtration through paper was so difficult that asbestos was 
substituted. 

J. H. Roop: Great difficulty was encountered in filtering the alkaline solution 
through the paper and in transferring the fiber from the filter paper without in- 
cluding some fiber of the filter paper. 

EXPERIMENTS BY THE ASSOCIATE REFEREE. 

It may be of interest to mention some additional work on crude fiber. The data 
presented in Table 2 show the results obtained with 3 kinds of filters when but one 
filtration was made. 

Table 2. 

Determination of crude fiber in cottor^seed meal by the one filtration method ttsing different 

filters. 



WWlMBa 


8BPARATB DBTKBMINATION8 


AVIRAGB 


Linen 


percent 

8.57 

9.54 

10.87 


percent 

8.58 

9.53 

10.81 


percent 
8.54 
9.37 


percent 
8.56 


Hard oaoer 


9.48 


Asbestos 


10.84 







Portions of cottonseed meal from the same sample were examined in a similar 
manner, observing the directions of the official method. 
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Tablb 3. 

Determination of crude fiber in cottonseed meal by the official method using different 

filters. 



rmtmR vsbo 












8SPABATB 
DBTSBMINATION 


ATBB- 
AOB 




After acid 


After alkaU 


BBMABKS 


dicestion 


digestion 












per emt 


per emt 


per cent 


per e*nt 




Linen 


Linen 


8.44 


8.16 


7.96 


8.19 


No suction; residue washed into 
a Gooch crucible. 


Linen 


Asbestos 


8.56 


8.82 




8.69 


Asbestos filter into a Gooch 
crucible, i.e., small amount 
asbestos used. 














Linen 


Asbestos 


8.96 


8.79 


9.02 


8.92 


Asbestos filter in a Hirsch fun- 
nel, i.e., large amount as- 
bestos. 


Paper 


Paper 


9.63 


9.63 


9.51 


9.56 


S. & S. No. 575 paper in a BQch- 
ner funnel. 



It will be observed from the data in Tables 2 and 3 that the determinations with 
a given filter, when considered alone, appear satisfactory, but when comparisons 
of the groups are made, the results do not agree. 

Determinations in addition to those here reported have shown that the loss with 
linen depends upon the number of times the mixture is filtered through it, thus dem- 
onstrating that there is a loss of crude fiber. 

The crude fiber determinations in which filter papers were used appear to be the 
most uniform for both methods. The paper filters certainly do not permit any solid 
matter to pass into the filtrate, and they offer a uniform filter which may be easily 
obtained and from which the residue can be readily transferred. 

Some determinations were made in which asbestos was used for both filtrations 
according to the official method, but the large quantity of material added to the 
second filter, in this way, caused the filtration to proceed very slowly. 

Portions of filter paper, S. & S. No. 597, were ground so as to pass a 40 mesh sieve. 
This material was intended to be used for testing the efficiency of different filters, 
but the residue obtained, after passing through the entire official method for crude 
fiber, showed so great a loss, that it became necessary to ascertain where the loss 
occurred. The final procedure involved digestion of separate samples in 1.25% 
sulphuric acid and in 1.25% sodium hydroxid, and in both reagents as outlined in 
the method for one filtration. 

The results of this test are presented in Table 4. 
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FBOCBOURX 


PAPSR nXABBS 


FIBSB RBCOVBBBD BT USB OT 
ASBBSTOS rXLTBBS 




Oristnal basis 


Ash plus 
water-free basis 


Origiiua basis 


Ash plus 
water-free basis 


Acid digestion only: 


per oent 

93.90 
95.03 
94.66 


percent 

99.42 

100.62 

100.11 


percent 

101.16 

102.53 

97.38 


percent 
107.14 
108.66 
103.10 


Average 


94.49 


100.06 


100.35 


106.27 






Alkali digestion only: 


91.33 
92.27 
91.78 


96.70 
97.72 
97.17 


98.06 
98.52 
98.74 


103.86 
104.38 
104.69 


Average 


91.79 


97.20 


98.44 


104.28 






Acid and alkali, 1 filtration: 


64.91 
64.67 


68.76 
68.47 


71.60 
74.71 
73.00 


76.71 
79.13 
77.30 


Average 


64.79 


68.61 


73.07 


77.38 






Acid and alkali, 2 filtrations : 


66.02 
66.58 
64.26 


68.85 
69.18 
68.05 






Average 


64.96 


68.69 













The action of the acid is apparently negligible, and the alkali does not seem to 
dissolve a very large quantity. However, the material digested in both acid and 
alkali showed a very large loss, approximately 31% by both methods. The asbestos 
filter gave higher results in all tests. 

CONCLUSIONS. 

The results reported this year indicate that hard filter paper, used in 
the manner suggested, is not satisfactory. All anal3rsts obtained good 
results for kafir com by the official method and the returns on the same 
sample tested by the one filtration method were encouraging. However, 
the showing for the sample of cottonseed meal was not so good and in- 
dicates a need for fiuther study of crude fiber methods. A number of 
the chemists did not report the loss of weight due to the asbestos, but 
those reporting indicated that an error of from 0.05-0.20% plus, may be 
introduced. Results showing much higher losses were reported by sev- 
eral chemists. 
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THE DETERMINATION OF CRUDE FIBERS 

By C. E. Mangels and P. F. Trowbridge (Agricultural Experiment 
Station, Columbia, Mo.). 

In laboratories where a great many crude fiber determinations are 
made, it is important that the method used be as free as possible from 
tedious manipulations. As in all empirical determinations, however, it 
is important that the methods followed should be the same as in other 
laboratories until it has been shown that slight modifications do not 
affect the accuracy of the results. 

In the collaborative work, the referee's samples were tested by methods 
which have been used in the Missouri Agricultural Experiment Station. 
The method in use this year and which seems to give the most satisfactory 
results is as follows: 

Transfer the residue from the ether extraction to a lipless beaker, add 200 cc. of 
cold 1.25% sulphuric acid and make a mark on the beaker to indicate the height of 
the liquid. Heat rapidly to boiling the contents of the beaker and continue the 
boiling for exactly 30 minutes. Filter rapidly the contents of the beaker through 
a muslin filter and wash the fiber free from acid with hot water. Place the original 
beaker under a funnel and transfer the fiber from the muslin to the beaker, using 
a spatula and a stream of 1.25% sodium hydroxid from a wash bottle. Then fill 
the beaker to the mark with 1.25% sodium hydroxid, heat rapidly to boiling the 
contents of the beaker and boil for exactly 30 minutes. Filter the hot alkaline solu- 
tion through the same muslin filter, wash the beaker twice with hot water and trans- 
fer the washings to the filter. Then wash the fiber on the filter once with 1.25% 
hydrochloric acid and then thoroughly with hot water to remove all acid and chlo- 
rids. Transfer the bulk of the fiber from the muslin to a prepared Gooch crucible, 
spreading the fiber on the sides of the crucible so as to avoid clogging the filtration. 
Place the original beaker under the funnel and wash the last traces of the fiber 
from the muslin into the beaker by means of a stream of hot water. Connect the 
Gooch crucible with suction and transfer the fiber in the beaker to that in the cru- 
cible, by the aid of hot water and a policeman. Wash finally the fiber in the Gooch 
crucible with alcohol and dry to constant weight at 102^0., then ignite and weigh 
again to determine the fiber by difference. 

The writers have tested a great many samples of linen and muslin to 
secure a satisfactory medium for filtering and have finally selected and 
secured a quantity, sufficient for several years, of close-woven muslin 
having 98 x 102 threads to the inch. The best linen which could be se- 
cured had 68 x 71 threads to the inch. 

The method just described differs from the regular official method in 
that both the acid and alkali solutions are added to the sample cold, 
thereby making the contact with the sample 30 minutes in addition to 
the time required to heat the 200 cc. of solution to the boiling point. This, 
if anything, should give lower results than by the regular official method. 

» Presented by P. F. Trowbridge. 
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The results are shown under Method C in the following table and are 
slightly higher than results obtained by the regular official method (A). 
The writers have at different times tried the Sweeney method (single 
filtration) with various modifications, hoping to get a rapid method which 
was at the same time comparable with the regular official method. 

In this method, the results of which are reported under (D) in the fol- 
lowing table, 200 cc. of boiling 1.25% sulphuric acid were added to the 
fiber and the boiling continued for exactly 30 minutes. Two hundred 
cc. of boiling 3.52% sodium hydroxid were added immediately to this 
solution and the boiling continued for another 30 minutes. Rapid filtra- 
tion was then made through the muslin filter. The beaker was washed 
twice with hot water, the washings being transferred to the muslin filter. 
The fiber was then washed once on the filter with cold 1.25% hydrochloric 
aoid, and the washing completed with hot water. The transfer of the 
fiber and the completion of the determination were conducted exactly 
as described in the previous method. In length of tune required this 
method is found to be only slightly shorter than the double filtration through 
muslin. The results obtained are seen to be higher in each case than those 
obtained by any of the other methods. 

The results obtained by Mr. Francis' single filtration method through 
hardened filter are higher than either of the double filtration methods. 
For example, one of the single filtration methods gives 1.640%, on Sam- 
ple No. 1, which is lower than any of the results obtained on this sample 
with our double filtration method and also lower than one of the results 
by the regular official method filtering once through linen and once through 
asbestos. On Sample No. 2 one of the determinations, 11.010, is lower 
than either of the results given by our double filtration method. These 
results would seem to indicate that the longer heating, caused by start- 
ing with the cold acid and alkali solutions, does not reduce the amount of 
crude fiber. The other modification in the method, by washing once with 
1.25% hydrochloric acid, greatly facilitates the removal of the alkali 
and the chlorids and since it does not appear to affect the final amount 
of crude fiber its use is to be recommended. 

Per cent of crude fiber obtained. 



PROCKDUBB 




8AMPLK 2 


RBMABX8 


(A) Official method, first filtration through 
linen and second filtration through 
asbestos: 


1.520 
1.525 
1.750 


10.045 

10.140 
10.180 


8-10 hours, 
filtration 
difficult. 


Average 


1.598 


10.122 
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Per cent of crude fiber obtained, — Continued. 



PBOCKDURB 


SAMVLa 1 


SAIfPUl 2 


nmMAniyff 


(B) Smith-Francis method of filtration 
throush hardened filter on Buchner 
funnel: 


1.640 
1.845 
1.805 


11.160 
11.010 
11.245 


6-7 hours, 
filtration 
andtrans- 
fer diffi- 
cult. 


Average 


1.763 

1.715 
1.780 
1.740 


11.138 

Lost 

11.105 

11.060 




(C) Missouri Station method, 2 filtrations 
through muslin, starting with cold 
1.25% acid and alkali: 


About 4} 
hours,mu8- 
lin used 
08x102 
threads 
per inch. 


Average 


1.745 

1.845 
1.845 
1.840 


11.083 

11.475 
11.215 
11.560 




(D) Sweeney method, one filtration through 
muslin : 


3f4 hours. 


Average 


1.843 


11.417 









REPORT ON SUGAR. 

By C. A. Browne (Sugar Trade Laboratory, New York, N. Y.), 

Referee, 

Since the report of Mr. Cross in 1913, the work of the Association upon 
sugar has been interrupted, no referee having been appointed for the 
year 1913-1914. 

In resuming the work which was so efficiently carried out by his prede- 
cessor, it occurred to the present referee that this Association during 
the next few years might in a measure retrieve a part of the damage which 
has resulted to the progress of sugar analysis as a consequence of the 
European war. Two international congresses had been scheduled this 
year to report upon sugar, that of the International Congress of Applied 
Chemistry, which was to meet in Petrograd in August, and that of the 
International Commission upon Uniform Methods of Sugar Analysis, 
which was to meet in Amsterdam in September. Both of these meet- 
ings have been indefinitely postponed and many years must elapse be- 
fore the important questions which they were to consider are reported. 

At the last meeting of the International Commission upon Uniform 
Methods of Sugar Analysis in New York in 1912, a committee was ap- 
pointed to study the inversion constant of the Clerget method. As the 
present referee, in connection with his duties upon this committee, is 
conducting a series of researches along this line, he has selected the pres- 
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ent occasion as an opportune one in which to report upon certain modi- 
fications of the Clerget method. 

A STUDY OF CERTAIN MODIFICATIONS OF THE CLERGET METHOD 

The volume to which the solution is made up for invert polarization 
which was formerly used by this Association and which is still employed 
by many sugar chemists, is the one originally proposed by Clerget. In 
this procedure 50 cc. of the clarified solution used for direct polarization 
were transferred to a flask graduated at 50 cc. and 56 cc. Concentrated 
hydrochloric acid was then added to the 55 cc. mark, the solution was 
mixed, a thermometer was inserted and the inversion was carried out 
according to the regulations prescribed for temperature and time of 
heating. After cooling, the solution was read upon the polariscope in 
a 200 nun. tube and the observed reading was increased by one-tenth 
to correct for the dilution from 50-55 cc. This corrected reading and 
the temperature of the solution were then substituted in the Clerget 
formula for calculating the percentage of sucrose. 

One great advantage of diluting the solution from 50-55 cc. is 
that any errors in reading the inverted solution are increased by only 
one-tenth, whereas in the modifications which dilute from 50-100 
cc. these errors are multiplied by 2. But notwithstanding this advantage, 
the experience of chemists has shown a certain imreliableness to exist 
in the old Clerget procedure so that in later years this method of mak- 
ing up to volume has been largely discontinued. 

The referee believes that one great cause of the difficulty, which has 
been experienced with the old Clerget procedure, has been the neglect 
of a very serious error, viz: the diminution in volimie which takes place 
in the 55 cc. of solution during inversion. This diminution of volume is 
due to three causes: 

(1) The contraction in volume which all sucrose solutions xmdergo 
dming inversion and which for 13 grams of sucrose in 55 cc. is about one- 
fourth of a cubic centimeter. 

(2) The elevation in temperature produced by the addition of the 
hydrochloric acid. This elevation, for 5 cc. of concentrated hydro- 
chloric acid to 50 cc. of sugar solution, is about 3°C., the cooling of the 
solution from 23®C. at the beginning to 20®C. at the end of the inversion 
produces a further slight contraction. 

(3) The evaporation of water from the neck of the flask during in- 
version, the amount of such evaporation depending upon the diameter 
of the neck of the flask, and the time and temperature of inversion. 

The combined influence of these 3 factors causes the volume of the 55 
cc. of solution at the end of inversion to be about one-third of a cubic 
centimeter too small for the half normal weight of 13 grams. 
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It is essential to the accuracy of any method of double polarization that 
the volume of the solution after inversion be fixed with the utmost ac- 
curacy. The sources of error just mentioned are easily overcome if the 
volume of the inverted solution be brought to 55 cc. at the end of inversion 
and not at the beginning. If this precaution be followed more accurate 
results can be secured by the process of making the inverted solution up 
to 55 cc. than by any of the modifications which dilute to 100 cc. The 
control of temperature by this procedure is easily carried out by means 
of a thermometer placed in a control flask containing 55 cc. of blank solu- 
tion. There is no danger of irregular mixing of the acid with the sugar 
solution^ as the diffusion of the hydrochloric acid through the body of 
the liquid takes place quickly without shaking. 

In emplo3dng this method the referee makes all his inversions at room 
temperature; 5 cc. of concentrated hydrochloric acid were added to the 
50 cc. of sugar solution in a 50-55 cc. flask and after standing over- 
night the volume was completed to exactly 65 cc. at 20°C., after gently 
tapping the walls of the flask to detach any air bubbles which might 
have accumulated. The solution is then mixed and read in a polari- 
scope which is also at a temperature of 20^C. The invert reading is 
then corrected by adding the necessary one-tenth. 

The formula for calculating the sucrose by this method of inversion, 
when a normal weight of 26 grams of pure sucrose is taken, is 

^ 100 (A - JB) 

^ = r 

The above formula, corrected for the differences in specific rotation 
of invert sugar due to the varying concentration, when less than 26 grams 
of sucrose are dissolved to 100 cc, is 

„ 100 (A - B) . , . ^ 

S = j= n in which 

144.9 - i - 0.01 144.9 - ^ - (A - J5) 

S = per cent of sucrose; 
A = direct polarization; 
B = corrected invert polarization; 
t = temperature of the invert solution. 

If the invert polarization be made at exactly 20*^0. the above formula 
becomes 

^ 100 (A -g) 



134.9 - 0.01 [134.9 - (A - JB)] 
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The determinations of Table 1 give an idea of the comparative accuracy 
of this method when applied to solutions of pure sucrose. 

Tabls 1. 
Application of Clerget modified procedure to solutions of pure sucrose. 



NUKBBB 


DXBBCT POLARI- 
SATION (A) 


CORBBCTSD IN- 

YBRT POLABISA- 

TION (B) 


TBlfPBBATUBB (t) 


SUCB08B (S) 




Found 


Taken 


1 
2 
3 

4 
5 
6 


99.90 
76.95 
57.70 
38.45 
19.20 
7.70 


-35.00 
-26.79 
-19.69 
-13.04 

- 6.49 

- 2.53 


•c. 

19.8 

19.6 
20.2 
20.2 
20.0 
20.0 


percent 
99.92 
76.97 
57.66 
38.44 
19.15 
7.65 


percent 

99.90 
76.92 
57.69 
38.46 
19.23 
7.69 



Table 2. 
Application of Clerget modified procedure to solutions of sucrose and dextrose. 



WUM- 


DBXTB08B 


DIBBCT POLAB- 
IXATION (A) 


COBBBCTBD 
INTBRT POLAR- 
IZATION (B) 


TBMPBRATURB 

(0 


8UCR08B (5) 


BBB 


Found 


Taken 


1 

2 
3 
4 


grame per 100 ce. 
4.8 
4.8 
4.8 
4.8 


91.70 

72.45 
53.15 
33.90 


-11.88 
- 5.06 
-f 1.60 
+ 8.20 


•c. 
20 
20 
20 
20 


percent 

76.96 
57.70 
38.45 
19.23 


percent 
76.92 
57.69 
38.46 
19.23 



The importance of using a formula, which corrects for the differences 
in specific rotation of invert sugar due to varying concentration, may be 
illustrated by taking the case of determination No. 3 in Table 2.^ This 
determination, using the uncorrected formula, gives 38.21 per cent sucrose, 
which is a quarter oif a per cent too low. 

In this connection the referee would very urgently reconmiend that 
the Association adopt a modified Herzfeld formula, or the Herzfeld table 
of factors, in place of the uncorrected formula^ The correction of the 
Herzfeld factor 142.66, for concentration has been done in several ways. 

According to one method the corrected Herzfeld factor equals 141.78 + 
0.0676 C, C being the grams of sucrose in 100 cc. The objection to this 
method is that a preliminary calculation with the uncorrected factor 142.66 
is necessary in order to obtain an approximate value of C for determining 
the true factor. The work of calculation is thus doubled. 

According to another method the corrected Herzfeld factor equals 
141.84 + 0.05 n, in which n is the scale reading of the inverted solution. 
The objection to this second method is that it applies to inverted solutions 
of pure sucrose and is of no value when other optically active substances 
are present. 

» U. 8. Bur. Chem. Bull. 107, Rev., p. 41. 
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The two objections named are overcome if the correction for con- 
centration be based upon the difference between the direct and invert 
polarization. The Herzfeld formula as thus modified becomes 



S 



100 (A - JB) 



142.66-^-0.0065 



[l42.66-l-(A-B)] 



which for 20**C. is simplified to 



5 = 



100 (A - JB) 



132.66 - 0.0066 [132.66 - (A - JB)] 



The above modified Herzfeld formula is the one which the referee would 
recommend to the Association for adoption. 

A great deal of work has been done by different investigators during 
the past few years upon methods of double polarization in the effort 
to make them better adapted to the analysis of sugar mixtures. In the 
ordinary methods of procedure any levulose, or other sugar^ whose optical 
activity is changed by the addition of the inverting acid, has a different 
rotation before and after inversion so that a considerable error may be 
introduced in the calculation of sucrose. The possible magnitude of 
this error may be seen from the determinations given in Table 3 which 
were made upon known mixtures of sucrose and invert sugar. The 
modified procedure of the original Clerget method was used. 

Tablb 3. 
Application of Clerget modified procedure to solutiona of eucrote in invert eugar. 



mm- 


INTBXT SUQAR 


DIRICT POLAB- 
UATION (A) 


COBRBCTBD 

INYBBT POLAB- 

XEAnON (B) 


TBMPBBATUBB 

(0 


ST7CBOBB (Si 


BBB 


Found 


Taken 


1 

2 
3 
4 
5 


grama per 100 cc, 

1.10 
2.74 

5.48 
8.21 
9.86 


94.60 

73.35 

50.70 

28.15 

6.90 


-35.20 
-30.42 
-27.28 
-24.04 
-19.58 


•c. 
19.8 
20.0 
20,4 
20.4 
20.4 


percent 

96.18 
77.10 
58.14 
38.99 
19.82 


percent 

96.15 
76.92 
57.69 
38.46 
19.23 



It is seen that as the amount of invert sugar increases there is a corre- 
sponding increase in the sucrose error. In case of honeys and other 
products containing a high percentage of levulose the error in the sucrose 
determination due to this cause may exceed 1%. 

In mixtures of sucrose with invert sugar alone^ it is possible to correct 
this error in the determination of sucrose by means of an empirical factor. 
Such a method of correction is not adapted, however, to the analysis of 
complex mixtures of optically active substances. The efforts of chemists 
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have been directed, therefore, towards devising a method by which the 
direct and invert polarizations could be made under similar conditions. 

Of the various methods which the referee has tested in this connection, 
the one which has given the most satisfactory results was that by means 
ofinvertase. . 

The use of invertase from yeast has long been recognized by chemists 
as the method of inversion which is most perfect in theory, but the diffi- 
culty of preparing satisfactory solutions of invertase has been a great 
obstacle against the introduction of the method. In 1909 Mr. Hudson 
devised several improvements for preparing invertase from yeast and 
in April 1910 published a paper upon the use of his invertase solution in 
the quantitative estimation of sucrose. In Hudson's method 50 cc. of the 
clarified solution used for the direct polarization are transferred to a 100 cc. 
flask, faintly acidified with acetic acid and then treated with 5 cc. of stock 
invertase solution. The volume is completed to 100 cc. and after inver- 
sion the solution read in the usual way, the invert reading being corrected 
for the optical activity of the invertase solution. The formula proposed 
by Mr. Hudson for this modification of the Clerget process is 

^ 100 (A -jB) 

141.7 -i 

The assertion has been made that the influence of concentration upon 
the Clerget factor would practically disappear, provided the inverting 
agent was without influence upon the rotation of the invert sugar. This, 
however, is not the case and cannot be the case, since the specific rotation 
of invert sugar necessarily increases with the concentration. The referee 
has subjected the invertase method to a most careful examination and finds 
that the influence of concentration is just as pronounced as with the meth- 
ods which employ hydrochloric acid. 

The invertase solution employed by the referee was prepared according 
to the original procedure of Mr. Hudson and had the following properties: 

Sp. gr. at ?^ = 1.00363; 

Refractive index = 1.33468; 

Solids in 10 cc. solution = 0.1027 grams; 

Ash in 10 cc. solution = 0.0040 grams; 

Rotation of solution in 200 mm. tube = +0.65** Ventzke. 

In using this invertase solution for the Clerget determination the 
referee followed the method proposed by Mr. Hudson except that the 
60 cc. of sugar solution were treated with 10 cc. of invertase reagent in- 
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stead of 5 cc. and the solution was warmed to 50*^C., to hasten the inver- 
sion. The solution after standing overnight was made up to 100 cc. 
at 20®C. and polarized at this temperature. The invert polarization was 
then increased by 0.0066 to correct for the dextro-rotatory efifect of the 
10 cc. of invertase solution and then multiplied by 2 to correct for the 
dilution to 100 cc. The formula for calculating the percentage of sucrose 
by this method, as calculated from the average of many determinations 
upon sugar solutions of different concentration, was found to be 



5 = 



100 (A - B) 



142 - ^- 0.0065 1142 - 1- (A - B) | 



It will be noted that the concentration factor 0.0065 is the same as 
that found for the Herzfeld method, which follows the same method of 
diluting the 13 grams of inverted product to 100 cc. 

The application of the above formula to the determination of sucrose 
in various mixtures with invert sugar is given in Table 4. 

Tablb 4. 
Application of invertase method to soltUiona of atxrose and invert sugar. 



MUM- 


ntrzm buoar 


DIBSOT POLAR- 
XZATlOir (A) 


OOBBBCTXD 
INTBBTPOLAB- 

XZATZON (B) 


TBMPBBATUBB 
(0 


8UCB06K (5) 


BBB 


Found 


Taken 


1 

2 
3 
4 
5 
6 
7 


grameperlOOcc. 

0.00 
0.18 
0.43 
0.67 
0.92 
2.44 
2.44 


99.80 
95.85 
89.75 
85.60 
79.50 
47.00 
27.90 


-31.83 
-30.83 
-29.33 
-28.23 
-26.73 
-18.63 
-12.43 


•c. 

20 

20 
20 
20 
20 
20 
20 


percent 
99.72 
95.99 
90.27 
86.31 
80.58 
49.89 
30.69 


pereeni 
99.80 
95.96 
90.20 
86.37 
80.61 
49.90 
30.71 



The results show that the invertase method gives far more accurate 
results than the method of acid inversion in the analysis of complex 
mixtures which contain sucrose and levulose. 

The referee does not believe that the invertase method will immedi- 
ately displace the method of acid inversion for purposes of commercial 
analysis. The preparation of the invertase solution is somewhat trouble- 
some and the gradual deterioration of the reagent involves the risk of in- 
complete inversion. The process is one which requires care ^nd watch- 
fulness. A blank analysis upon a weighed amount of pure sucrose should 
be carried out with every set of determinations. The invertase method 
is invaluable, however, as a control upon the accuracy of the method of 
acid inversion and the referee would recommend that it be adopted as a 
provisional method by the Association. 
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RECOMMENDATIONS. 

In planning the work for next year the referee believes that attention 
should be devoted to those matters which are of most pressing importance 
to sugar analysis. He would, therefore, recommend — 

(1) That the study of the modifications of the Clerget method be con- 
tinued with special reference to the accurate determination of sucrose in 
complex mixtures of carbohydrates. 

(2) That efforts be made towards the adoption of an accurate method 
for determining small quantities of invert sugar in the presence of large 
amounts of sucrose. In this connection the colorimetric methods for 
estimating invert sugar should be examined. 

(3) That next year's referee in collaboration with the U. S. Bureau of 
Chemistry establish a table of reduction factors for the more common 
reducing sugars. 

There are a number of improvements and changes, which the progress 
of sugar analysis, during the past 10 years, requires to be made in the 
official and provisional methods of the Association. The referee has gone 
over these methods with several of the members of the Committee on 
Editing Methods of Analysis and it was considered advisable to present 
the following recommendations : 

(4) That the official text of the methods of the International Commis- 
sion be substituted for the present text^ and that these methods of the 
International Commission be brought up to date. 

(6) That the following method for preparing a salt-free aliunina cream 
be adopted in place of the present method^: 

Precipitate concentrated alum solution with a slight excess of ammonium hy- 
droxid and wash the precipitate by decantation with water until the solution is 
free from sulphates. Pour off the excess of water and store the residual cream in 
a stoppered bottle. 

(6) That at the end of section (c)' the following be inserted: 

For concentrations of sucrose of less than 13 grams to 100 cc. of invert solution 
the following general formula should be used. 

5 = . 100(P-/) 



142.66 - ^ - 0.0065 [142.66 - ^ - (^ - ^1 

The above formula is applicable to the determination of sucrose in the presence 
of dextrose, commercial glucose, and all other substances whose optical activity 
is not affected by the inverting acid. With materials which contain much levuloee, 
such as honey, fruit products, etc., the method gives too high results. 

» U. S. Bur. Chem. Bull. 107, Rev., pp. 39-40. 
•Ibid., p. 40. 
» Ibid., p. 41. 
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(7) That at the end of section (d)^ the following formula be substituted 
for the present formula for calculating the per cent of sucrose in the pree^ 
ence of rafl^ose: 

0.5124 P - 7 
0.839 

The above formula supposes that the polarizations be made at exactly 20*C. 
If the temperature (T) be other than 20''C., the following fonnula should be used: 

P (0.4724 + 0.002 T) - I 
0.899 - 0.003 T 
Haying calculated S, 

P-S 
1.852 

(8) That after section (d)^ the following be inserted : 

DBTBRMINATION OF SUCROSB BY MBANS OF INVBRTA8B.-PROVISIONAL. 
Preparation of Invertase Solution, Httdaon Method. 

Break up 5 pounds of pressed yeast, which may be either baker's or brewer's 
yeast, add 30 cc. of chloroform to it in a closed flask and allow to stand at room tem- 
perature (20°C.) overnight. By morning the solid mass will have become fluid 
and it should then be filtered through filter paper allowing several hours for drain- 
ing. To the filtrate add neutral lead acetate until no further precipitate fonns and 
again filter. Precipitate the excess of lead from the filtrate with potassium oxalate 
and filter. To this filtrate add 25 cc. of toluene and dialyze the mixture in a pig's 
bladder for 2 or 3 da3rs against clear running tap water. The dialyzed solution 
should be colorless, perfectly clear after filtration, and neutral to litmus; it should 
be preserved in an ice-box with the addition of a little toluene to prevent the 
growth of micro-organisms. The optical activity of the invertase solution is noted 
and a correction for this, according to the amount of solution used, must be ap- 
plied to the invert reading. 

Determiruition, 

Dissolve the normal weight (26 grams) of substance in water, clarify, make 
up to volume, and take the direct polarization (P) as under section (d). Remove 
the excess of lead from the filtrate, if lead has been used as a clarifying agent, with 
anhydrous sodium carbonate or potassium oxalate, and filter. To 50 cc. of the 
filtrate in a 100 cc. flask add acetic acid by drops until the reaction is acid to lit- 
mus, add 10 cc. of the stock invertase solution and let stand in a warm place (about 
40*'C.) overnight. Cool and make up to 100 cc. at 20**C. Polarize at 20**C. in a 
200 mm. tube. Allow the solution to remain in the tube for an hour and repeat the 
polarization. If there is no change from the previous reading the inversion is com- 
plete, when the reading and temperature of the solution are carefully noted. The 
reading is corrected for the optical activity of the invertase solution and then mul- 
tiplied by 2. The percentage of sucrose is then calculated by the following formula: 

1 U. S. Bur. Chem. Bull. 107, Rev., p. 41. 
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_ 100 (P - 7) 

142 - i - 0.0065 [142 - ^ - (^ - ^)] 

S « per cent of sucrose; 

P » direct reading; 

/ = invert reading; 

t » temperature at which invert reading is made. 

(9) That before section (c)^ the following be inserted: 

Reducing sugars other than dextrose may be determined, using Allihn's modi- 
fication of Fehling's solution, by means of the above table and method by use of 
the following factors: 

Arabinose » Glucose X 0.969; 

Xylose = Glucose X 1.017; 

Levulose » Glucose X 1.093; 

Invert sugar = Glucose X 1.044; 

Galactose » Glucose X 1.114. 

(10) That before section (3. Ash*) the table for specific gravity and 
total solids of sucrose solutions at 5~ used by the U. S. Bureau of 
Standards and Reichsanstalt of Germany be inserted. 

(11) That in the Munson and Walker table' for calculating lactose the 
column for lactose with one-half molecule of water be omitted. 

No report was made by the referee on the general subject of the separa- 
tion of nitrogenous substances. 

REPORT ON THE SEPARATION OF NITROGENOUS SUB- 

STANCES (MEAT PRODUCTS). 

By p. F. Trowbbidge (Agricultural Experiment Station, Columbia, 
Mo.), Associate Referee, 

No collaborative work has been undertaken. In connection with other 
work, a nimiber of carefully prepared samples have been secured upon 
which it is planned to study the products of dissociation. 

It is recommended that the referee for next year attempt to determine 
the relative amounts of some of the dissociation products in water- 
soluble and water-insoluble meat proteins. 

» U. S. Bur. Chem. Bull. 107, Rev., p. 51. 

» Ibid., p. 67. 

» Ibid., pp. 243-51. 
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REPORT ON THE SEPARATION OF NITROGENOUS SUB- 
STANCES (MILK AND CHEESE). 

By Leroy S. Palmer (Agricultural Experiment Station, Columbia, Mo.)y 

Associate Referee. 

The recommendation adopted for this work at the last meeting of the 
Association called for studies leading to the adoption of methods for the 
determination of the non-casein proteins and the products of protein 
decomposition in milk. Your referee begs to report that a serious illness 
last spring prevented his giving this work the attention originally planned. 
Some progress has been made, however, and although the results secured 
to date are too indefinite for detailed report, the work is being continued. 

In the report made last year attention was called to the fact that the 
combined ofScial method of the Association for casein, and the provisional 
method for the so-called albumin does not remove all the substances from 
milk that are of true protein character. This is particularly true in old 
milk that has undergone protein decomposition; but the writer wishes 
to point out that even the very freshest milk will usually show a non- 
casein-non-heat-coagulable-protein percentage approximately equal to the 
percentage of heat-coagulable protein obtained by the present provisional 
method. The following table shows the analyses of six 10 cc. portions 
of the same skim milk^, the analyses being started about 3 hours after the 
milk was drawn. 

Per cent of protein in milk by different methods. 



SAMFLB BAliPLB 
1 2 



SAliPLB 
3 



SAlfPLS SAMPLB AUtPLM 

4 5 6 



Total protein (official) 

Casein (official) 

Heat-coagulable proteins (provisional) 

Residual proteins (precipitated by Alm^n's 
reagent) 

Residual nitrogen (as protein not precipi- 
tated by Alm^n's reagent) 



3.80 
2.89 
0.526 

0.280 

0.160 



3.80 
2.89 
0.502 

0.280 

0.205 



3.80 
2.89 
0.451 

0.288 

0.301 



3.80 
2.84 
0.529 

0,273 

0.232 



3.80 
2.84 
0.544 

0.322 

Lost 



3.80 
2.88 
0.510 

0.274 

0.205 



Other figures could be presented showing relatively the same results 
for other samples of milk. The preceding figures show approximately 
8% of the total true protein of fresh milk not recovered by acid precipita- 
tion or heat coagulation, a percentage sufficiently great to demand at- 
tention. Unless further study shows that these residual proteins, at 
least those precipitated by Alm^n's tannic acid reagent, are formed as the 
result of the present methods of analysis for casein and heat-coagulable 
protein, it would seem that the presence of these simpler protein substances 
in fresh milk should be recognized, and suitable methods incorporated in 

* Mixed milk from the University herd. 



Digitized by 



Google 



1916] nurenberg: dairy products 143 

the official methods for then* determination. Careful distinction should 
he made at the same time between these substances present in fresh milk, 
and the products of protein decomposition, some of which would be 
determined by the same method. The data at least serve to call attention 
to the need of a careful study of the origin and exact character of these 
protein bodies present in fresh milk, which would ordinarily be called 
proteoses and peptones. 

RECOMMENDATION. 

It is recommended — 

(1) That the studies be continued leading to the adoption of methods 
for the determination of the non-casein proteins and the products of 
protein decomposition in milk. 

REPORT ON DAIRY PRODUCTS^ 

By Lewis I. Nurenberg (State Department of Health, Boston, Mass.) 

Referee, 

A study, and compilation of figures, has been made of the sour senun 
method for the detection of added water in milk. In this work the 
referee has had the cooperation of Messrs. J. T. Keister, associate referee, 
and L. W. Ferris, of the Bureau of Chemistry, Washington, D. C, and 
George B. Taylor, J. R. Keeney, and J. S. Slack, of the State Board of 
Health, New Orleans, La. 

The referee has obtained figures of over 660 samples of known purity 
milk from individual cows, and 49 samples from herds. These samples 
are representative of practically all breeds of cows mentioned in the 1914 
report and of such influencing conditions as variation in season and 
lactation period. More than one-half of the total number represent low- 
grade milk. 

The methods of preparation and analysis of the serum are as follows: 

PRBPARATION OF THB SOUR SERUM*. 
Allow the milk to sour spontaneously, and filter. 

REFRACTION OF SOUR SBRUM. 

Determine the index of refraction of the clear serum at 20*'C. by means of the 
Zeiss immersion refractometer. A refraction below 38.3 indicates added water. 

Transfer 25 cc. of the serum to a flat-bottomed platinum dish and evaporate to 
dryness over the water bath. Then heat the contents of the dish over the small 
flame (to avoid sputtering) until charred. Place the dish in an electric muffle, 
with pyrometer connected, and ash at a heat not greater than 500°C., or OOO'T. 
Cool and weigh. Express result in grams per 100 cc. An ash below 0.730 indicates 
added water. 



* Presented by H. C. Lythgoe. 

« Matthes and Mtiller. Z. offent. Chem., 1903, 9: 173-8. 



Digitized by 



Google 



146 ASSOCIATION OP OFFICIAL AGRICULTURAL CHEMISTS [Vol. II, No. 2 

In the original article as described by A. Burr and F. M. BerberichS 
the authors have outlined the following method : 

ASH OF SOUR SBRUMt. 

Measure 50 cc. of the serum into a platinum dish, evaporate to dryness, and car- 
bonize over a low flame. Extract the char with hot water, burn the insoluble resi- 
due, add the solution to this ash, evaporate to dryness, ignite at a low temperature 
and weigh. 

Eiqjerience has shown, however, with the exercise of care and an ac- 
curate pyrometer that the former stated method is as accurate as the 
latter, and involves less manipulation. 

Table 1 contains the refractions of the sour serum of 660 samples of 
known purity milk from individual cows and 49 samples from herds. In 
the case of the individual cows the variation in the readings extends from 
38.3-45.9. The greatest percentage of samples (25.2%) refracts between 
41 and 42. There appears to be a certain uniformity each side of this 
medial point. The percentage of samples refracting between 40 and 41, 
and 42 and 43 is practically the same (from 18-20%) ; between 39 and 40, 
and 43 and 44 the percentage is from 12-13.5%, while from 38.3-39 and 
44-45 the percentage is 4-5%. 

In the herds the largest percentage of samples (75%) refracts between 
41 and 43. Between 40 and 41 and 43 and 44 the percentage is from 10- 
12. As would be expected, no samples were found refracting at the 
maximum (45.9) or minimum (38.3) limits. 

Tablb 1. 

Variation in refractive indices of sour serum of knovm purity milk. 

(660 samples from individual cows; 49 samples from herds.) 



INDITIDUAL COWS 


HKBDS 




Number 


Per cent 




Number 


Percent 


Beftdingat20'C. 


of Munples ex- 
amined 


of samplee ez- 
ammed 


Reading at 20"C. 


of sampka ez- 
ammed 


of aampleeez* 
ammed 


38.3-38.9 


34 


5.2 


38.3-38.9 








39-39.9 


81 


12.3 


39-39.9 


2 


4.1 


4(M0.9 


121 


18.3 


40-40.9 


6 


12.3 


41-41.9 


167 


25.2 


41-41.9 


18 


36.7 


42-42.9 


133 


20.2 


42-42.9 


18 


36.7 


43-43.9 


90 


13.6 


43-43.9 


5 


10.2 


44-44.9 


27 


4.1 


44-44.9 








45-i5.9 


7 


1.1 


45-45.9 









Following is the graphic representation of the figures given in Table !• 
The curves cross at the 20% line with a refractive index of 40.8 and 
again at the 15% line with a refractive index of 43.3. 

» Chem. Ztg., 1908, 82: 617-8. 
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VARUTION IN RBFRACriVE INDICES OF SOUR 8ERXTU OF KNOWN PORirY MILK. 
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Tablb 2. 

Variation in ash of sour serum of known purity milk. 

(504 samples from individual cows; 35 samples from herds.) 



INDITZDUAL COWS 



Aihmmper 



0.730-0.739 
0.740-0.749 
0.750-0.759 

0.760^.709 
0.770-0.779 

0.780-0.789 
0.79O-0.799 

0.800-0.809 
0.810-0.819 

0.820-0.829 
0.830-0.839 



41 
54 
34 

51 
38 

52 
45 

51 
37 

26 
9 



8.2 



17.7 



19.3 



17.3 

'7;6 



IWDXTIDUAL COWS 



Ash gnun per 
100 CO. 



0.840-0.849 
0.850-0.859 

0.860-0.869 
0.870-0.879 

0.880-0.889 
0.890-0.899 

0.900-0.909 
0.910-0.919 

0.920-0.929 
0.930-0.939 

0.94O-0.949 



2 



17 


"iis* 


16 


"*4!6' 




2!2' 




■ ois* 







0.4 
0.4 



ignmi 
100 ce. 



0.730-0.739 
0.740^.749 

0.750^.759 
0.760-0.769 

0.770-0.779 
0.780-0.789 

0.79O-0.799 
0.800-0.809 

0.810-0.819 
0.8&O-O.829 

0.830-0.949 



III 
% 

I 



1 


2.9 


2 

4 


'i7;i" 


2 
6 


"22!8* 


6 
9 


"42.'9' 


4 
1 


"i4!3* 



Table 2 presents the sour serum ash figures of 504 samples of known 
purity milk from individual cows and 35 samples from herds. In the 
individual cows only 8.2% of the ash figures extended between the mini- 
mum limit 0.730 and 0.740, while 71.6% were between 0.740 and 0.820; 
16.4% of the figures were between 0.820-0.880, and 3.8% between 
0.880-0.950. In the milk from herds no samples were found with ash 
figures from the minimum limit 0.730-0.739, or from 0.830 to the maxi- 
mum limit 0.949; 2.9% of the ash figures were between 0.740-0.749; 
82.8% were between 0.750 and 0.810; and 14.3% were between 0.810 and 
0.830. 

The data from Table 2 are shown in the following plot. The curves 
cross at the 17.5% line with an ash percentage of 0.761. 
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SOUR SERUM ASH GRAMS PER 100 CO. 
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Table 3. 

VaricUion in refractive indices and ash of sour serum of known purity milk. 

From individual cow&. 





S^« 


H 


BBFBACTIVB 


H^ 


SS 


ZNDICBS 


l^< 


ih 




se 


0. 


38.0-38.4 


20 


3.0 


38.5-38.9 


14 


2.1 


39.0-39.4 


45 


6.8 


39.5-39.9 


36 


5.5 


40.0-40.4 


60 


9.1 


40.5-40.9 


61 


9.2 


41.0^1.4 


87 


13.2 


41.5-41.9 


80 


12.1 


42.0-42.4 


87 


13.2 


42.5-42.9 


46 


7.0 


43.0-43.4 


52 


7.9 


43.5-43.9 


38 


5.8 


44.0-44.4 


18 


2.7 


44.5-44.9 


9 


1.4 


45.0-45.4 


5 


0.7 


45.5-45.9 


2 
660 


0.3 


Total 


100.0 



A8H ORAM PBB 
100 OC. 



0.730-0.734 
0.735-0.739 
0.740-0.744 
0.745-0.749 

0.750-0.754 
0.755-0.759 
0.760-0.764 
0.765-0.769 

0.770-0.774 
0.775-0.779 
0.780-0.784 
0.785-0.789 

0.790-0.794 
0. 795-0. 799 
0.80O-O.804 
0.805-0.809 

0.810-0.814 
0.815-0.819 
0.820-0.824 
0.825^.829 

0.830-0.834 
0.835-0.839 



Si% 


oi 


a 


H 


SSo 


gg Q 


S 2 H 




'Is 


u g 2 


Z 


P« 


30 


5.9 


11 


2.2 


33 


6.5 


21 


4.1 


19 


3.8 


15 


3.0 


33 


6.5 


18 


3.6 


26 


5.2 


12 


2.4 


31 


6.1 


21 


4.1 


25 


4.9 


20 


4.0 


32 


6.3 


19 


3.8 


27 


5.4 


10 


2.0 


20 


4.0 


6 


1.2 


7 


1.4 


2 


0.4 



A8H OBAM FEB 
100 CC. 



0.840-0.844 
0.845-0.849 
0.850-O.854 
0.855-0.859 

0.860-0.864 
0.865-0.869 
0.870-0.874 
0.875-0.879 

0.880-0.884 
0.885-0.889 
0.890-0.894 
0.895-0.899 

0.900-0.904 
0.905-0.909 
0.910-0.914 
0.915-0.919 

0.920-0.924 
0.925-0.929 
0.930-0.934 
0.935-0.939 

0.940-0.944 

Total 



5g 
£S3 



I 



2 
504 






1.6 
1.8 
0.6 
0.8 

1.6 
1.6 
1.0 
0.4 

0.8 
0.6 
0.2 
0.6 

0.6 
0.2 



0.2 



0.2 



0.4 
100.0 



From herds. 



RErRACTITB INDICBS 


NUMBER 
OP BAJ1PLB8 
EXAMINED 


PBB CENT 
OP SAMPLSa 
EXAMINED 


A8H ORAM PER 100 OC. 


NUMBER 
OP SAMPLES 
EXAMINED 


PER CENT 
OF SAMPLES 
EXAMINED 


38.0-38.4 






0.730-0.734 
0.735-0.739 
0.740-0.744 
0.750-0.754 
0.760-0.764 
0.765-0.769 

0.770-0.774 
0.775-0.779 
0.780-0.784 
0.785-0.789 
0.790-0.794 
0.795-0.799 

0.800-0.804 
0.805-0. 809 
0.810-0.814 
0.820-0.824 

Total 






38.5-38.9 










39.0-39.4 






1 

2 
2 
2 

1 
1 
2 
4 
4 
2 

4 
5 
4 

1 

35 


2.9 


39.5-39.9 
40.0-40.4 
40.5-40.9 

41.0-41.4 
41.5-41.9 
42.0-42.4 
42.5-42.9 
43.0-43.4 
43.&-43.9 

Total 


2 
4 

2 

8 
10 
11 

7 
4 

1 

49 


4.1 

8.2 
4.1 

16.3 
20.4 
22.4 
14.3 
8.2 
2.0 

100.0 


5.7 
5.7 
5.7 

2.9 
2.9 
5.7 
11.4 
11.4 
5.7 

11.4 

14.3 

11.4 

2.9 

100.0 
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Table 3 contains the refractive indices and sour serum ash figures 
arranged for the arithmetic probability ciuve, which follows. 



SOUR SERUM ASH GRAAfS PER 100 CC. 




99 99:; ;;99 
REFRACJTIVE INDICES AT 20X1. 



If the samples were fairly representative, and if the variable follows 
the law of probabiUty, the resulting curve will be a straight line. Al- 
though these lines are not straight, yet they are so nearly straight that 
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it can be said that sufficiently representative samples have been taken 
to draw definite conclusions. 

The medial line (50% line) shows that 50% of the samples had refrac- 
tive indices below 41.4 from individual cows, and 41.8 from herds. The 
curves for the refractive indices of the herds and individual cows cross 
at the 73% point with refractive index of 42.4. The medial line also 
shows that in 50% of the samples the sour serum ash was below 0.784 
from individual cows and 0.793 from herds. The curves for the sour serum 
ash of the herds and individual cows cross at the 68% line with the sour 
serum ash of 0.802. 

Table 4 contains the results submitted by Mr. L. W. Ferris of the 
U. S. Bureau of Chemistry. His experimental work has shown conclu- 
sively that the time of spontaneous souring affects the sour serum ash. 
In the cases of partial souring the sour serum ash figure is lower than the 
acetic serum ash which, of course, should not be. Unless the sample 
is sufficiently sour, some of the calcium salt is precipitated with the casein 
and the sour serum ash is very liable to be low, as shown in Table 4. The 
minimum sour serum ash figure, reported as 0.671, on longer souring was 
raised to 0.722 which corresponds to the figure obtained by the acetic 
serum after being multiplied by 1.02. 

COMMENTS BY ANALYSTS. 

All samples except the first 8 represent single milkings from individual cows. 

The acetic acid serum was obtained by adding 2 cc. of 25% acetic acid to 100 cc. 
of milk. The results were multiplied by 1.02 to make them comparable with the 
results on the spontaneous serum. The results obtained by both methods are about 
the same. The degree of souring of the spontaneous serum appears to make no 
difference in either the ash or refraction, although clearer serums were obtained 
by allowing the sample to stand until the whey and curd had separated. In some 
cases it was impossible to get a clear serum. The spontaneous souring involves 
less work than the acetic acid method and in most cases the spontaneous senmi is 
about as clear as that obtained by the acetic acid method. 

One sample gave a refraction of 37.9 (cow No. 15) on the spontaneous serum and 
samples from 4 different cows (Nos. 2, 5, 6 and 7) gave an ash of serum below 0.73. 

Table 5 contains the results submitted by Mr. J. T. Keister, associate 
referee. In this table there are 3 abnormal sour serum ash figures. The 
referee is of the opinion that in each case the milk was not thoroughly 
sour. If the sample is thoroughly sour, a clear s^rum will be obtained 
which will contain all the mineral matter. 
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Table 6. 

Composition of milk from Fagot Dairy ^ Metairie Ridge j Jefferson Parish. 
(G. B. Taylor, J. R. Keeny and J. S. Slack, Louisiana.) 



Brown. . 
Nigger. 



Grandma. 
Hazel 



Spot. 



Rabbit. 
Silver. . 



Baby... 
Goldie. 
Red.... 



Brownie. 



Rose. 



Jessie. . 
Mollie. 
Marie. . 



White.. 
Cherry. 
Crip.... 
Juliet. . , 



Composite* . 
Her( 



tip< 



10 
3 



7 

3 

6 

12 

8 



10 

6 
9 
7 

8 

8 

5 

8 



Grade 
Jersey 

Brown 
Grade 
Jersey 

Holstein 

Grade 
Jersey 

Grade 
Jersey 

Grade 
Jersey 

Grade 
Jersey 

Jersey 

Jersey 

Grade 
Jersey 

Brown 
Grade 
Jersey 

Red Grade 
Jersey 

Jersey 

Holstein 

Jersey 

Grade 

Jersey 
Grade 

Durham 
Grade 

Jersey 
Grade 

Jersey 



AMOUNT 
or MILK 



pound$ 
3 
8 



8 
4i 



8 

4i 

7 
5 
5 



8i 

12i 
6 
5 

8 

9 

6 

5i 

29 
129} 



TXMK 
SINCB 
OALY- 

nro 



tnontht 
9 
6 



2 
10 
10 

5 

4 

2 

4 



8P. OR. 

AT 
WC. 



1.0354 
1.0344 



1.0317 
1.0328 

1.0315 



1.0325 

1.0302 

1.0260 
1.0298 
1.0295 

1.0298 

1.0293 

1.0315 
1.0316 
1.0321 

1.0351 

1.0329 

1.0322 

1.0345 

1.0302 
1.0315 



TOTAL 
SOLIDS* 



par cent 

14.88 
15.11 



15.16 
14.95 

15.71 



14.63 
14.89 



15.64 
13.15 

15.40 



13.82 

14.14 
11.75 



14.57 

14.01 

14.55 

11.52 

15.01 
13.89 



per cent 
5.00 
5.40 



6.00 
5.60 

6.50 



5.40 

6.10 

8.20 
6.80 
4.80 

6.60 

5.40 

5.20 
3.20 
7.40 

4.80 

4.80 

5.40 

2.40 

6.20 
5.00 



BOUB SEBUM 



Aah 



100 
cc. 

0.898 
0.876 



0.805 
0.788 

0.744 



0.787 

0.707 

0.880 
0.840 
0.842 

0.844 

0.874 

0.744 
0.813 
0.902 

0.866 

0.795 

0.820 

0.708 

0.810 
0.805 



Refne- 
tion 



45.2 
43.6 



44.2 
43.4 

43.1 



43.9 

42.3 

43.1 
43.4 
41.5 

44.4 

43.6 

42.0 
42.0 
43.6 

43.6 

44.2 

41.7 

42.8 

43.4 
42.8 



i U. S. Bur. AnimAl Industry Bull. 134, p. 23. 

> Composite of Grade Jerseys. 

* Four Jerseys; 12 Grade Jerseys; 2 Holstdns; 1 Durham. 
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Table 7. 
Composition of 8 samples of herd milk, 
(Arranged in order of Total Solids.) 





FAT 


SOLIDS 
NOT FAT 


PBO-TBIN 


SUOAB 


COPPXB SXRtT^ 


SOUB SSBUM 


TOTAL SOLIDS 


Ash 


Infrac- 
tion 


Ash 


Refrac- 
tion 


percent 
13.02 


percent 

4.60 
4.10 
3.40 
3.35 

4.00 
3.55 
3.35 
3.40 


percent 

8.42 
8.85 
9.22 
9.25 

8.57 
8.69 
8.78 
8.27 


percent 


percent 


gram per 
iOOce. 


reading 


gram per 
lOOcc. 

0.790 
0.774 
0.816 
0.832 

0.766 
0.808 

o.m 


reading 
40.7 


12.95 
12.62 
12.60 

12.57 
12.24 
12.13 
11.67 


3.29 
3.04 
2.33 

3.18 
3.34 
2.96 
2.84 


4.74 
5.01 
5.04 

4.82 
4.65 
4.72 
4.51 


0.70 
0.76 

0.78 

0.68 
0.74 
0.80 
0.77 


37.4 
38.5 
38.7 

37.2 
36.7 
36.8 
36.3 


40.4 
41.0 
41.9 

41.5 

'4i.*3* 
39.1 


Maximum: 

13.02 
Minimum: 

11.67 
Average: 

12.48 


4.60 
3.35' 
3.72 


9.25 
8.27 
8.76 


3.34 
2.33 
3.00 


5.04 
4.51 
4.78 


0.80 
0.68 
0.75 


38.7 
36.3 
37.4 


0.832 
0.766 
0.799 


41.9 
39.1 
40.8 



Average of 67 samples from herds reported in WH, 



12.83 



4.06 



8.77 



37.9 



0.798 41.7 



There is no relation between the refraction of the sour serum and the 
sour serum ash, since these figures depend upon different milk constitu- 
ents. When both of these figures fall below the lowest limits established 
for pure milk (38.3 and 0.730) it is absolute proof of the presence of added 
water, and all possibiUty of the sample being abnormal milk from a sick 
cow is removed. 

In the determination of the ash of sour serum there are less than 2 
grams of organic matter to be burned, and the influence of combustion 
upon the 190 mg. of ash is very slight. 

The refractive index of the sour serum occurs half way between the 
copper and acetic indices. Where a milk has partially soured the copper 
serum reading will be higher, and the acetic serum lower than would be 
given by the same milk before souring. In such cases the sour serum is 
the only reliable reading to be made. 

Six years' experience with the refractive index and 4 with the sour 
serum ash have shown these methods to be invaluable. In all doubtful 
cases the sour serum ash has served as a court of last resort. 

RECOMMENDATIONS. 
It is reconunended — 
(1) That the following be adopted as auxiliary provisional methods. 
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DBTBCTIOIf OF ADDED WATBR. 

Sour serum^. 

Allow the milk to sour spontaneously, filter and determine the index of refrac- 
tion of the clear sermn by means of the Zeiss immersion refractometer. A reading 
below 38.3 indicates added water. 

Ash of sour serum*. 

Allow the milk to sour spontaneously and filter. Transfer 25 cc. of this serum 
to a flat-bottomed platinum dish and evaporate to dryness over the water bath. 
Heat the contents of the dish over a small flame (to avoid sputtering) until charred. 
Place the dish in an electric muffle, with pyrometer connected, and ash at a heat 
not greater than 500*^0., or QOO'^F. Cool and weigh. Express result in grams per 
100 cc. An ash below 0.730 indicates added water. (A white ash is invariably 
obtained after one leaching.) 

Ask of acetic serum. 

Transfer 25 cc. of the serum to a flat-bottomed platinum dish and proceed as 
directed under "Ash of Sour Serum''. An ash figure below 0.715 gram per 100 cc. 
indicates added water. 

(2) That in conjunction with the copper, acetic or sour serum refraction 
method, the ash of the sour serum or of the acetic serum be determined 
in all cases where the indices of refraction fall below the minimum limit. 
The acetic serum ash multiplied by the factor 1.021 equals the sour serum 
ash (dilution of the acetic serum being 2%). 

No report was made by the referee on the general subject of food 
adulteration. 

REPORT ON COLORS. 

By W. E. Mathbwson (Food and Drug Inspection Laboratory, U. S. 
Appraiser's Stores, New York, N. Y.), Associate Referee. 

Two samples of conmiercial carainel and sealed samples of high grade 
conunercial amaranth, orange I, naphthol yellow S, and light green S F 
yellowish were sent out for collaborative work. The collaborating ana- 
lysts were asked to examine the caramels in 0.2% solution by those methods 
for the detection of this substance that they consider best. In the coal 
tar dyes they were asked to determine the amoimt of color by the titanium 
trichlorid reduction method of Knecht and Hibbert which has the merit 
of using a comparatively simple reagent, stable if protected from the air, 
and which has given good results in the New York Food and Drug In- 
spection Laboratory of the U. S. Bureau of Chemistry when used under 

1 Matthes and Mttller. Z. offent. Chem., 1903, 9: 173. 
« Burr and Berberich. Chem. Ztg., 1908, 32: 617-8. 
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the proper precautions and with a thorough consciousness of the sen- 
sitiveness of the reagent to air. With the samples was sent a statement 
of the precautions to be followed in applying the method to each of the 
permitted dyes. These are embodied in the suggested provisional methods 
which come before the Association this year and need not be given here. 
The collaborators reported upon the caramel samples as follows; 

RESULTS OF COLLABORATIVE WORK. 

C F. Jablon: The samples of caramel under observation did not behave alike 
to the Amthor test. In solution of 0.2%, one gave a slight precipitate, while the 
other gave a pronoimced precipitate. In stronger solutions (1%) a slight turbidity 
was ol>i3erved in the first, while the other showed a pronounced precipitate. 

The Woodman-Newhall test does not appear to give any more reliable results. 
In weaker solutions (0.2%) it appears to be less satisfactory, while a 1% solution 
gave positive reactions. To sum up the series of experiments, it is safe to state 
that although strong caramel solutions gave positive tests, ordinary concentrations, 
such as may be found in food analysis, do not give very satisfactory results. 

Ray W. Clough: A few qualitative tests on the caramef samples gave the follow- 
ing results: 

Crampton and Simons fuller's earth method^ all color extracted from a 0.2% 
solution; Amthor test, negative; Woodman-Newhall method, good results (espe- 
cially heavy precipitate with the phenylhydrazin reagent). 

C. R. Smith: The Woodman-Newhall method was applied to the samples of cara- 
mel. It has been found that they, as well as other samples of conmiercial caramel 
and caramel prepared in the laboratory, precipitate out well in the Woodman- 
Newhall method. It is doubtful if the same holds good in fruit juices and other 
food products. In testing black currant juice of high acidity no precipitate was 
produced, using the usual proportion of reagents after neutralizing with potash. 

By adding a large excess of zinc chlorid (8 cc.) and potash sufficient to produce 
a good precipitate a large amount of brownish black coloring matter was carried 
down, which, however, did not precipitate by the paraldehyde test. The Woodman- 
Newhall test applied with special reference to each substance may be useful if care- 
fully studied and developed. 

The results obtained by the collaborators in the determination of the 
amount of color in the samples of commercial anilin colors are given in 
Table 1. 

» U. S. Bur. Chem. Bull. 107, Rev., p. 199. 
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Tablb 1. 

Determinationa of the amount of pure color in samples of anilxn colors by titration 

with titanium tricfdond. 



WAPBTHOL 
TBLLOWS 



obanobI 



GKBUf 

SF 

TBLLOWn 



C. L. Black, Food and Drug Inspection Lab- 
oratory, U. S. Appraiser's Stores, Phila- 
delphia, Pa 

A. L. Burns, Food and Drug Inspection 
Laboratory, U. S. Appraiser's Stores, New 
York,N.Y 

C. F. Jablon, Food and Drujs Inspection 
Laboratory, U. S. Appraiser's Stores, 
New York, N. Y 

Ray W. Clough, Arcade Annex Building, 
Seattle, Wash 

C. R. Smith, Food and Drug Inspection 
Laboratory, U. S. Appraiser's Stores, 
New York, N. Y 



93.28 

02.9 

92.7 
93.4 

93.1 



ptreent 

90.82 

91.7 

91.0 
93.8 

93.2 



88.39 

88.6 

88.7 
88.8 

89.1 



peretnl 

66.44 

66.8 

67.1 
66.1 

67.9 



THE SEPARATION OF PONCEAU 3R FROM OTHER DYES, ESPECIALLY 
NAPHTHOL YELLOW S BY THE USE OF A 
SOLUBLE BARIUM SALT. 

(C. F. Jablon, New York.) 

As the quantitative separation and estimation of ponceau 3R and 
naphthol yellow S is, under ordinary condition^, rather slow, a method 
was sought whereby the more or less tedious amyl alcohol extraction would 
be eliminated. 

Inasmuch as iK)nceau 3R forms a very difficultly soluble barium com- 
pound^ a series of experiments were performed using bariiun and stron- 
tium salts as precipitants in solutions containing the dyes in various 
concentrations. The best results were obtained as follows: 

Dissolve the dye mixture in a definite amount of water. Transfer an aliquot 
containing about 0.1-0.3 gram of naphthol yellow S to a 250 cc. volumetric flask 
and dilute with water to about 225 cc. Add 2.0 cc. of 10% barium acetate and 1 cc. 
of glacial acetic acid, shake thoroughly and make up to the mark with water. 
Then pass through a dry filter and titrate an aliquot with standard titanium trichlo- 
rid solution in sodium tartrate solution, using light green S F yellowish as indicator. 
Titrating an equivalent part of the original solution gives the total color, and sub- 
tracting the yellow, the difference gives the value for ponceau 3R. 

Table 2 gives some results obtained. 

» Heumann. Die Anilinfarben und ihre Fabrikation. 1903, 4 (I) : 856. 
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Tabui 2. 
DeterminatioM hy the barium method of naphihol yellaw S in presence of ponceau SR. 

(C. F. Jablon, New York.) 





WaiOBT 


WKQHT 


WUOBT^ 


TSLLOW 




PONCBAU TAUBN 


TWLLOWTAXMK 


TSLLOWrOnXD 


RICOYWUtD 




pnmft 


gnm 


QftUli 


percent 


1 


0.100 


0.2491 


0.2496 


100.2 


2 


0.200 


0.2076 


0.2050 


98.7 


3 


O.dOO 


0.2030 


0.2028 


99.9 


4 


0.200 


0.1833 


0.1819 


99.2 


5 


0.100 


0.1538 


0.1555 


101.2 


6 


O.dOO 


0.1005 


0.0998 


99.0 


7 


0.200 


0.0240 


0.0258 


107.6 


8 


O.dOO 


0.0000 


0.0013 





The filtrate from the precipitated ponceau 3R was somewhat redder 
in shade, so it was deemed advisable to determine colorimetrically with 
a Eoenig-Martens instrument the amoimt of ponceau remaining in solu- 
tion. Following are the amoimts foimd, using various concentrations of 
ponceau 3R: 

Weight of 





PonoeMi in •olution 


grmm 


perMtU 


0.06 


2.25 


0.126 


1.4 


0.250 


0.6 


0.500 


0.2 


1.000 


0.1 



The incomplete precipitation is probably due to the fact that the 
ponceau 3R used was not a chemically uniform product. It was the 
ordinary grade of dye used for food products which contains more or less 
of the lower homologues derived from xylidin, etc., and also small amoimts 
of monosulphonated color such as sodium trimethyl-benzene-azo-2-naph- 
thol-6H9ulphonate. 

Mixtures of ponceau 3R with the other permitted dyes in amoimts 
varying from 0.1-0.3 gram of each dye when treated by the procedure 
just described showed that erythrosine is precipitated almost completely, 
and the indigo somewhat less so with ponceau. Amaranth and orange I 
are carried down with the ponceau precipitate only slightly, if at all. 
Light green S F yellowish appears to remain entirely in the filtrate. 

Because of the high relative oxidizing iK)wer of naphthol yellow S 
as shown towards titanium trichlorid, the error caused by the presence 
of a small and var3ring amoimt of ponceau in the filtrate does not greatly 
affect the determination of the yellow with mixtures containing not too 
small amounts of the latter. With the other dyes this is not the case, 
but the results stated may be applied to the analysis of mixtures contain- 
ing ponceau and naphthol yellow with the others. Here the total dye 
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in the filtrate is determined with titanium, the amaranth, green, etc., 
estimated directly by some suitable method, and correction made to 
obtain the value for the yellow. With lesser accuracy, the procedure 
may be used for the direct separation of ponceau from orange, amaranth 
and green. The quantitative determination of indigo carmine in admix- 
ture with amaranth by reduction with titanium trichlorid, reoxidation 
with air, and estimation of the blue colorimetrically seems to give good 
results. 

Ponceau and yellow being separated with sotne difficulty by other 
methods and often used in admixture with each other, the procedure 
just given will be found useful in examining mixtures. 

THE USE OF THE SPECTROPHOTOMETER FOR THE EXAMINATION 
OF FOOD COLORING MATTER. 

(W. E. Mathewson, New York.) 

No other methods have the wide range of applicabiUty of those depending 
on exact measurements imder suitable conditions of the opacity of solu- 
tions to light of various wave lengths. The principles and methods of 
spectrophotometry have been developed by numerous investigators 
and are discussed in an extensive literature^ These methods are in 
limited use, probably because the necessary instruments are so expensive 
that few laboratories are equipped with them. Hence no collaborative 
work could be done this year. In this part of the report some experi- 
mental work of the referee is reported which was designed to learn to 
what extent spectrophotometric methods might be used in the analysis 
of food colors. As each of the various optical systems that have been 
devised and each of the light sources available has its advantages and 
disadvantages, such apparatus as seemed most suitable was selected. 

APPARATUS AND PROCEDURE. 

The spectrophotometer used was a Koenig-Martens instrument with 
Rutherford prism, made by Schmidt and Haensch. Some experience with 
a spectrophotometer of the Vierort principle has convinced the writer 
that those forms of apparatus in which an eye-piece is employed (forming 
a system focused on the collimator slit) are much more difficult to use in 
work where it is very frequently necessary to take readings in parts of the 
spectrum in which the absorption varies greatly for small variations in 
the wave length. As a light source a 1500-3000 c. p. projection lamp 
with automatic arc and condensing lenses was employed. A Nemst 

1 For a r6siim6 compare especially Kayser. Handbuch der Spectroscopie. 1905, 
3 ; and G. and H. Kniss. Kolorimetrie und Quantitative Spektrolana yse. 2d ed., 
1909. 
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lamp although steadier can scarcely be used for measurements in the blue 
and violet. Monochromatic light sources suitable for all regions of the 
spectrum would be much more preferable, but would add greatly to 
the cost of the equipment. An absorption cell of the Vierort type was 
used, 11 mm. in width and containing the Schultz glass cube exactly 

1 cm. in thickness. This form of cell is rather objectionable for measure- 
ments in non-homogeneous light, as all the rays passing into the instru- 
ment must go through 1 mm. of the solution; but the laboratory is not 
provided with the better apparatus devised by Martens and Grtinbaum^ 
The cell was placed before the instrimient, the glass cube first in front of 
one slit, then the other. The ocular slit or screen in the telescope is 
rather troublesome to get at and adjust in the Koenig-Martens instru- 
ment, and chiefly for this reason was set at a width corresponding to 
100 (smallest) divisions on the scale carrying the telescope (at the mercury 
line 546.1), and kept at this width for all the measurements. To cor- 
respond, the telescope was moved 100 sc&le divisions between the succes- 
sive regions. The jaws of the divided stit before the collimating lens were 
set as close as possible, still giving a field of sufficient brightness, and the 
observations made with the glass cube before each half of the slit after 
each resetting of the latter. The necessary opening of the collimator 
slit corresponded to a maximum overlapping in the field of view of rays 
differing by about 2.5 mm in the indigo and violet to 0.1 mm in the greenish 
yellow. In all cases the width of the slit was noted in taking measure- 
ments, though for Table 3, containing averaged figures, the statements just 
made are sufficient. For each reading the rotating nicol prism was set 

2 or 3 times and the mean value recorded. The results were calculated 
to "extinction coefficients" e, by the formula 

e = log tan aj + log cot a2 

ai and aa representing respectively the angular readings with the Schulz 
body before the right and left parts of the slit. For the loss of light by 
reflection at the surfaces of the Schulz body the correction for water was 
found to be 0.02, this amount to be added to the observed "extinction 
coefficient". In Table 3, this correction has not been made, however. 

EXPERIMENTAL RESULTS. 

Extinction coefficients of the permitted dyes. — In Table 3 are given the 
observed "specific extinction coefficients" obtained with solutions of the 
7 permitted dyes, corresponding to the values for 0.001% solutions. 
Solutions of each color were made containing 0.001%, 0.004%, 0.008%, 
etc., of pure dye as determined by analysis, the strongest solution being 

»Aim. Physik., 1903, 4th ser., 12: 991-2. 
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from 0.064r-0.512%. The extinction coefficients for each solution were 
determined in those regions where the values ranged from 0.030-1.50. 
From these figures the e values for 0.001% solutions through the whole 
spectrum were calculated, it being assumed that the observed figures of 
value equal to about 0.60, if not more accurate, were at least more suit- 
able for subsequent application. 

light green S F yellowish being quite sensitive to alkali, dilute solu- 
tions in pure water if kept in glass soon became paler and in 24 hours 
may show a conversion of 50% or more of the dye into the colorless car- 
binol form. Orange I and erjrthrosine are also sensitive indicators and 
may contain as impurities small amounts of sodium carbonate, free color 
acid, etc. This source of difficulty was practically eliminated by adding 
to each solution a little of a mixture of acetic acid and secondary sodium 
phosphate. A stock solution was made containing in each liter 71.4 
grams of crystallized secondary sodium phosphate and 9.6 cc. of glacial 
acetic acid. Five cc. of this solution were used in making up each 
100 cc. of the dye solutions, giving these latter a disodium phosphate 
normality of 0.01, and an acetic acid normality of 0.008 plus. This 
amphoteric mixture is faintly acid to litmus, faintly alkaline to alizarin 
and does not perceptibly change the absorption of the solutions of the 
colors other than light green S F yellowish, when added to their abso- 
lutely neutral solutions in not too large quantities. 

The extinction coefficients as determined are not exactly proportional 
to concentration, being affected by a niunber of factors. The molecular 
condition of both electrolytes and colloids varies with changes in con- 
centration, and the use of non-homogeneous light is open to various 
objections. However, the figures serve as a guide, indicating especially 
where are located those regions of maximum absorption best adapted for 
measurements, and the values to be expected. The accurate estimation 
of a dye must be made by determining the approximate concentration 
of its solution by the use of Table 3, changing the concentration, if neces- 
sary, so that the values for e will be from 0.6-1.00 in the region of maximum 
absorption, making a standard solution of the same calculated concen- 
tration from a pure color and determining the absorption constants for 
each imder exactly the same conditions. The values obtained for e 
will not differ greatly and it may be assumed imder these conditions that 
the differences are proportional to concentration. 

Analysis of mixtures. — ^The analysis of mixtures must be carried out 
in a similar way. After quantitative examination of the constituents by 
chemical, spectroscopic or other means, measurements are made in those 
regions where the constituent dyes show the maximum absorption. The 
concentration is calculated, using the figures in Table 3, and from this a 
similar standard solution is prepared with colors of kiiown purity. This is 
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Table 3. 
Specific extinction coefficients of the 7 permitted food dyes, 

(0.01 gram per liter is taken as unit concentration; i.e., the numbers given 
represent the coefiQcients of 0.001% solutions.) 











PONCBAU 


















3R (mou 








LIGHT 


WATB LENOTH OW 

LIOBTIN 
BBOION If EASUBID 


SCALB 
RBAD- 
IMGS 


8 


obanobI 


GOBiMBB- 

PSUBDO- 
CUMIDIN) 


BRT* 
THROBXNB 


RANTH 


IMDIGO- 
CARMINB 


GRBBN 

8F 

TBLLOW- 
IBH 


418.8-122.6 


22 


0.46 


0.30 


0.13 


0.027 


0.093 


0.029 


0.18 


422.6-426.6 


23 


0.46 


0.32 


0.13 


0.028 


0.095 


0.029 


0.18 


426.5-130.7 


24 


0.46 


0.38 


0.13 


0.028 


0.105 


0.030 


0.18 


430.7-435,1 


25 


0.45 


0.45 


0.13 


0.029 


0.11 


0.031 


0.17 


435.1-440.0 


26 


0.45 


0.52 


0.14 


0.030 


0,116 


0.032 


0.15 


440.0-444.5 


27 


0.44 


0.58 


0.155 


0.034 


0.125 


0.033 


0.13 


444.5-149.6 


28 


0.40 


0.67 


0.17 


0,040 


0.13 


0.034 


0.106 


449.6-455.0 


29 


0.34 


0.73 


0.19 


0.052 


0.14 


0.034 


0.077 


455.0-460.7 


30 


0.29 


0.80 


0.23 


0.068 


0.166 


0.034 


0.066 


460.7-466.7 


31 


0.23 


0.87 


0.266 


0.085 


0.19 


0.034 


0.034 


466.7-473.1 


32 


0.16 


0.91 


0.30 


0.12 


0.216 


0.034 


0.023 


473.1-480.0 


33 


0.105 


0.93 


0.34 


0.17 


0.25 


0.034 


0.016 


480.0-487.1 


34 


0.060 


0.90 


0.39 


0.24 


0.29 


0.036 


0.011 


487.1-494.8 


35 


0.031 


0.84 


0.43 


0.32 


0.33 


0.038 


0.011 


494.8-503.0 


36 


0.014 


0.71 


0.48 


0.37 


0.37 


0.043 


0.013 


503.0-511.8 


37 


0.0051 


0.59 


0.48 


0.48 


0.40 


0.063 


0.017 


511.8-521.2 


38 


0.0024 


0.43 


0.46 


0.76 


0.41 


0.066 


0.024 


521.2-531.4 


39 


0.00092 


0.27 


0.425 


0.97 


0.41 


0.090 


0.036 


531.4^542.3 


40 


0.00031 


0.17 


0.37 


0.69 


0.38 


0.126 


0.065 


542.^-554.2 


41 


0.00005 


0.092 


0.24 


0.16 


0.32 


0.17 


0.086 


554.2-567.1 


42 


Less 


0.043 


0.11 


0.032 


0.24 


0.23 


0.14 


567.1-581.1 


43 




0.019 


0.046 


0.010 


0.14 


0.30 


0.23 


581.1-596.4 


44 




0.0072 


0.017 


0.0023 


0.064 


0.37 


0.36 


596.4r^l3.3 


45 




0.0024 


0.0056 


0.0004 


0.016 


0.46 


0.63 


613.3-631.9 


46 




0.0008 


0.0018 


0.0001 


0.0046 


0.41 


0.81 


631.9-652.5 


47 




0.0003 


0.0004 




0.0013 


0.023 


0.77 


652.5-675.6 


48 




0.0001 


0.0001 




0.0003 


0.076 


0.30 


675.6-701.4 


49 










0.0002 


0.022 


0.069 


701.4-730.6 


50 
46.5 












0.007 


0.010 


622.4r-642.0 












0.88 



















examined under the same conditions. If, as should be the case, the e 
values do not differ more than 10%, the figures given in Table 3 are 
shown to be sufficiently correct imder the applied conditions to be used 
for calculating the corrections to be made, these being deduced from the 
figures in the table and the differences between the e values for the known 
and the imknown solutions. With mixtures, especially, the use of non- 
homogeneous light is a cause of differences and useful results can hardly 
be expected without comparative solutions. The figures given for light 
in the violet, of wave length less than 430/«/«, are quite inaccurate, and for 
analytical purposes it would be scarcely advisable to make measurements 
beyond 440mm* 

Most binary mixtures may be analyzed with fair ease and accuracy. 
With more complicated ones, it has been foimd that usually one or more 
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of the constituents may be determined with advantage in this way, but 

that the analysis is best made partly by other methods. 

In Table 4 are given the results of 6 consecutive test analyses of mixtures 

of 2 components. 

Table 4. 

Specirophotometric analysis of mixtures of 2 dyes, 
(W. E. Mathewson, New York.) 



Naphthol yellow S 

Light green S F yellowish., 



Indigo carmine. 
Amaranth 



Orange I — 
Ponceau 3R. 



Orange I 

Naphthol yellow S. 



Amaranth... 
Erythrosine. 



CONCBNTBATTON 
OBAll PBB 100 CO. 



0.005625 
0.002375 

0.001800 
0.002200 

0.002000 
0.001440 

0.000800 
0.007200 

0.002000 
0.001200 



PEBCBNTOFTBUB 
VALUB FOUND 
BT riBST CALCU- 
LATION fUSINQ 

nauBBs OF Ta- 
ble 8) 



101.0 
95.6 

92.6 
101.0 

106.0 
94.4 

99.0 
100.1 

97.8 
102.3 



FEB CBNT OF TBUB 
VALUE FOUND 
APTBB MAKINO 
OOBiPABISON SO- 
LUTIONS AND DB- 
TBRMININO OOB- 
BBCnON 



101.7 
100.4 



99. 
100. 



102.0 
96.7 

101.0 
99.0 

98.4 
100.0 



Maximum error 3.3%; average error 1.3%. 

The calculations with binary mixtures may be made more easily graphi- 
cally than algebraically. 

Determination of coal tar dyes other than those permitted, — ^The optical 
method permits a good quantitative estimation with extremely small 
amounts of color, and has been found to be well suited for the determi- 
nation of such non-permitted dyes as orange II, acid yellow G, tartrazine 
and rose bengal in food products. 

Determination of natural coloring maiters used for food products. — ^Very 
few of these coloring matters can be estimated even approximately by 
chemical methods. Even where the coloring principle has never been 
isolated in purity, the method still allows an expression of the amount of 
color in terms of the extinction coefficients and permits standards to be 
set for such food coloring products as caramel, archil, etc. 

A number of samples of saffron examined in the New York Food and 
Drug Inspection Laboratory of the U, S. Bureau of Chemistry have 
shown a wide variation in tinctorial power. One gram of the drug was 
macerated with occasional shaking for 24 hours with 200 cc. of alcohol, 
exactly 60% by volume. Two cc. of this solution were measured off, 
diluted to 100 cc. with 60% alcohol, and the values for e determined. 
The value of the extinction coefficient at 461-467mm varied from 0.72-1.73. 
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A few analyBes have indicated that curcumine in turmeric root is readily- 
determined by extraction of the powdered drug with 95% alcohol in a 
Soxhlet apparatus, dilution of the extract so that the ratio to the weight 
of the timneric taken is about 10,000 : 2 and determination of the extinction 
coefficients of the solution. These may be compared with the values 
obtained with pure crystallized curcumine imder the same conditions. 

REPORT ON SACCHARINE PRODUCTS. 

DETECTION OF ARTIFICIAL INVERT SUGAR IN HONEY. 

By F. L. Shannon (Dairy and Food Department, Lansing, Mich.), 

Associate Referee. 

The work this year was a continuation of work previously inaugurated. 
Last year the referee selected 9 of the tests the literature showed to be 
most conmionly used. These 9 tests were submitted to the collaborators 
along with samples and each test studied. From this work the referee 
for 1914 recommended "That four of the tests which proved the most 
satisfactory in the hands of all the collaborators be further studied". 
Accordingly instructions for these 4 tests were sent with the samples to 
the collaborators. 

FRBPARATION OF SAMPLES. 

Seven samples were prepared as follows: 

Sample A. — Pure honey plus 3% commercial invert sugar^. 

Sample B. — Pure honey plus 5% conmiercial invert sugar. 

Sample C. — Pure honey plus 10% conmiercial invert sugar. 

Sample D. — ^Piwe honey. 

Sample E. — Pure honey plus 3% Neumoline*. 

Sample F. — Pure honey plus 5% Neumoline. 

Sample G. — Pure honey plus 10% Neumoline. 

INSTRUCTIONS TO COLLABORATORS. 

It is requested that the following tests be applied to the samples sub- 
mitted: 

FIBHB'S ORIGINAL TEST*. 

ReagenL — ^Dissolve 1 gram of resorcinol in 100 cc. of HCl (1.19). Redistilled ether. 

Manipulation. — ^Rub 1 gram of honey in a mortar with ether. Filter oflf the ether 
and evaporate at room temperature. Moisten the residue with a drop of the reagent. 

Results, — In the presence of artificial invert sugar an orange-red color is devel- 
oped, changing to cherry-red and then to brown-red. Pure honeys sometimes 
give a pink coloration. Note color after standing 10 minutes and again after stand- 
ing 24 hours. 

' Obtained on the market and sold as such. 

* A commercial product put on the market as a non-crystallizable sirup and 
also a substitute for honey. 
» Analyst, 1908, 33: 397. 
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HARTMABTITS MODIFICATION OF FEBHB'S TBST>. 

Reagent, — Same as original Fiehe Test. 

Manipvlation. — ^Add 2 drops of the reagent directly to 1 gram of the honey in 
a porcelain dish. 

Restdts. — If artificial invert sugar is present, a cherry-red color appears as in 
the original test. Natural honeys give the reaction after standing about 45 minutes. 

BRTAITS MODIFICATION OF FIBHB'S TB8T*. 

Reagent. — Same as original Fiehe Test. 

Manipulation, — Place 10 cc. of a 50% honey solution in a test tube and run in 
5 cc. of ether on top. Shake contents gently and allow to stand for some time until 
the ether layer is perfectly clear; transfer 2 cc. of this clear ether solution to a small 
test tube and add a large sized drop of the resorcin solution. Shake and note im- 
mediately the color. 

RestUts. — In the presence of artificial invert sugar the drop of added acid in the 
bottom assumes immediately an orange-red color, turning to a dark red. 

FBDBR'S ANHIN CHLORID TEST*. 

Reagent (freshly prepared),— To 100 cc. of C. P. anilin add 30 cc. of 25% hydro- 
chloric acid. 

Manipulaiion. — ^Mix directly 5 grams of the honey in a porcelain dish with 2.5 
cc. of the anilin reagent. 

Reevlte, — ^Bright red color indicates the presence of artificial invert sugar. The 
intensity of the color is proportional to the amount present. 

Give your opinion^ based on the foregoing tests, as to which samples 
are adulterated, if any, and which are pure, if any. Report results on 
each test on each sample as positive, negative or doubtful. 

Tablb 1. 
Reaidts of collaboratore on Sample A. 
(Pure honey plus 3% commercial invert sugar.) 



▲NALTST 


fikhb'b 

OBXaXNAL TBBV 


HABTM ANN'S 

MODIFICATION OF 

FIBHB'8 TBBV 


BBTAN*8 
MODIFICA- 
TION OF 

TBW 


FXDBB'B 
ANILIN 
CHLOBID 




10 minutes 


Mhoun 


10 minutes 


24 hours 




S. F. Sherwood, Bureau 
of Chemistry, Wash- 
ington, D. C. 


Very 
strong 
trace 

Positive 

Positive 

Positive 

Positive 

Positive 


Very 
strong 
trace 

Positive 

Positive 

Positive 

Positive 

Positive 


Trace 

Positive 
Positive 
Positive 
Positive 
Positive 


Very dark 
cherry- 
red 

Positive 

Positive 

Positive 

Positive 

Positive 


Trace 

Positive 
Positive 
Positive 
Positive 
Positive 


Very 
slight 
trace 


J. 0. Clark, Depart- 
ment of Agriculture, 
Atlanta, Ga 

W. L. Scovill, Dairy and 
Food Department, 
Lansing, Mich 


Positive 
Positive 


N. A. Childs, Dairy and 
Food Department, 
Lansing, Mich 


Positive 


F. L. Shannon, Dairy 
and Food Depart- 
ment, Tjansing, Mich. 

C. G. Sutton, Dairy and 
Food Department, 
St. Paul, Minn 


Positive 
Positive 



» Z. Nahr. Genussm, 1911, 21: 374. 
« U. S. Bur. Chem. Bull. 164, p. 15. 
* Analyst, 1911, 86: 586. 
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Tablb 2. 

Resvlta of collabartUors on Sample B, 

(Pure honey plus 5% commercial invert sugar.) 



171 



ANALTR 


nilHB*8 
ORIGZXf AL TXflT 


habtmann's 

modification of 
Fixxn'srasT 


BBTA]f*8 
MODIFICA- 
TION OF 

fishb'b 

TUT 


FBDBH*8 
ANIUN 
CHLOBID 




10 minutes 


24 hours 


10 minutes 


24 hours 


TBST 


8. F. Sherwood 


Very 
strong 
trace 
Positive 
Positive 
Positive 
Positive 
Positive 


Very 
strong 
trace 
Positive 
Positive 
Positive 
Positive 
Positive 


Strong 
trace 

Positive 
Positive 
Positive 
Positive 
Positive 


Verydark 
chernr- 

Positive 
Positive 
Positive 
Positive 
Positive 


Strong 
trace 

Positive 
Positive 
Positive 
Positive 
Positive 


Trace 


J.O.Clarke 

W. L. Scovill 


Positive 
Positive 


N. A. Childs 


Positive 


F. L. Shannon 


Positive 


C. G. Sutton 


Positive 







Tablb3. 

Restdts of collaborators on Sample C 

(Pure honey plus 10% commercial invert sugar.) 



ANALTBT 


FIBHB'B 
OBiaiNAL TBST 


habtmann'b 
modification of 

FIBHB'S TBST 


BBTAN*8 
MODIFICA- 
TION OF 

fibhb'b 

TBST 


fbdbb'b 

ANILIN 
CHLOBID 




10 minutes 


24 hours 


10 minutes 


24 hours 


TBST 


S. F. Sherwood 


Very 
strong 
trace 
Positive 
Positive 
Positive 
Positive 
Positive 


Very 
strong 
trace 
Positive 
Positive 
Positive 
Positive 
Positive 


Very 
strong 
trace 
Positive 
Positive 
Positive 
Positive 
Positive 


Very 
dark 
red 
Positive 
Positive 
Positive 
Positive 
Positive 


Very 
strong 
trace 
Positive 
Positive 
Positive 
Positive 
Positive 


Very 
strong 
trace 

Positive 


J. 0. Clarke 


W. L. Scovill 


Positive 


N. A. Childs 


Positive 


F. L. Shannon 


Positive 


C. G. Sutton 


Positive 







Tablb 4. 

Reaidts of collaboratora on Sample D, 

(Pure honey.) 



ANALYST 


fibhb's 

OBIOINAL TBST 


habtmann's 
modification of 

fibhb'b TBST ^ 


bbtan's 
modifica- 
TION OF 

TBST 


fbdbb'b 

ANILDf 

CBLOBID 

TBST 




10 minutes 


24 hours 


10 minutes 


24 hours 




8. F. Sherwood.... 
J.O.Clarke 

W.L. Scovill 

N. A. Childs 

F. L. Shannon 

C. G. Sutton 


Negative 
Negative 

Negative 
Negative 
Negative 
Negative 


Doubtful 
Negative 

Positive 
Negative 
Negative 
Negative 


Negative 

Slight 
pmk 
Doubtful 
Negative 
Doubtful 
Negative 
Positive 
Faint pink 


Very 

dark red 
Positive 

Positive 
Positive 
Positive 
Positive 


Negative 
Negative 

Negative 
Negktive 
Negative 
Negative 


Negative 
Negative 

Negative 
Negative 
Negative 
Negative 
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Tablb 5. 

ResvliB of collaborators on Sample E. 

(Pure honey plus 3% Neumoline.) 



ANALYST 


nCHB'B 
OBXGINAL TS8T 


habtmann's 
MODincATiON or 

riBHB's TBST 


bbyan's 

BiODinCA- 

TION or 
riEHs's 

TB8T 


raoBB's 

ANILIN 

CHLOBID 

TBST 




10 minutes 


24houra 


10 minutee 


24 hours 




S. F. Sherwood.... 

J. 0. Clarke 

W.L. Scovill 

N. A. Childs 

F. L. Shannon 

C. G. Sutton 


Negative 

Positive 
Doubtful 
Doubtful 
Negative 
Positive 
Very faint 
pink 


Doubtful 

Positive 

Positive 

Negative 

Positive 

Positive 


Very 
slight 
trace 

Positive 

Doubtful 

Doubtful 

Negative 

Positive 


Very 
dark 
color 

Positive 
Positive 
Positive 
Positive 
Positive 


Very 
slight 
trace. 
Several 
minutes to 
develop 
color 
Positive 
Positive 
Doubtful 
Positive 
Positive 


Negative 

Positive 
Positive 
Doubtful 
Doubtful 
Positive 
Light 
pink 



Table 6. 

ReaulU of coUaborcUora on Sample F. 

(Pure honey plus 5% Neumoline.) 



ANALYST 


mHB*B 
OBZQINAL TBST 


habtmann's 
MODincATioN or 

riBHE'STBST 


bbyan's 

MODinCA- 

TiON or 

TBST 


rBDBB'S 
ANILIN 
CHLOBIO 




10 minutee 


24 hours 


10 minutee 


24 hours 


TEST 


S. F. Sherwood.... 

J.O.Clarke 

W.L. Scovill 

N. A. Childs 

F. L. Shannon 

C. G. Sutton 


Doubtful 

Positive 
Positive 
Positive 
Positive 
Positive 
Faint pink 


Trace 

Positive 
Positive 
Positive 
Positive 
Positive 


Very 
slight 
trace 
Positive 
Positive 
Positive 
Positive 
Positive 


Very dark 
red 

Positive 
Positive 
Positive 
Positive 
Positive 


Very 
slight 
trace 
Positive 
Positive 
Positive 
Positive 
Positive 


Doubtful 

Positive 
Positive 
Positive 
Positive 
Positive 
Pink 



Table?. 

Results of collaborators on Sample G. 

(Pure honey plus 10% Neumoline.) 



ANALYST 


riKHB*8 
OBIGINAL TEST 


hartuann's 
MODincATioN or 

rlEHB's TEST 


bbtan's 

MODiriCA- 

TION or 

riEHE'S 
TEST 


rsDBB's 

ANILIN 
CHLOBD 




10 minutee 


24 hours 


10 minutee 


24 hours 




S. F. Sherwood 


Trace 

Positive 
Positive 
Positive 
Positive 
Positive 


Strong 
trace 
Positive 
Positive 
Positive 
Positive 
Positive 


Trace 

Positive 
Positive 
Positive 
Positive 
Positive 


Very 

dark red 

Positive 

Positive 

Positive 

Positive 

Positive 


Trace 

Positive 
Positive 
Positive 
Positive 
Positive 


Trace 


J. 0. Clarke 


Positive 


W. L. Scovill 


Positive 


N. A. Childs 


Positive 


F. L. Shannon 


Positive 


C. G. Sutton 


Positive 
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Table 8. 
Conclusion eta to purity of samples. 
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ANALYST 


BAMPLS A 


BAMPLH B 




SAMPLB 

D 


SAMVLB E 


8AMPLB F 


BAMFLB G 


S. F. Sherwood 

J.O.Clarke 

W. L. Scovill 

N. A. Childs 

F. L. Shannon 

C.G.Sutton 


Adulterated 
Adulterated 
Adulterated 
Adulterated 
Adulterated 
Adulterated 


Adulterated 
Adulterated 
Adulterated 
Adulterated 
Adulterated 
Adulterated 


Adulterated 
Adulterated 
Adulterated 
Adulterated 
Adulterated 
Adulterated 


Pure 
Pure 
Pure 
Pure 
Pure 
Pure 


Doubtful 

Doubtful 

Doubtful 

Doubtful 

Pure 

Adulterated 


Doubtful 

Adulterated 

Adulterated 

Adulterated 

Adulterated 

Adulterated 


Adulterated 
Adulterated 
Adulterated 
Adulterated 
Adulterated 
Adulterated 



COMMENTS OF COLLABORATORS. 

S. F. Sherwood: The color developed in Feder'a test is very uncertain. Hart- 
mann's modification is liable to give the color reaction in pure honeys and hence 
be misleading. Bryan's modification is preferable to Fiehe's original test, as a 
more thorough extraction of the honey is obtained and less time required. The 
color should be developed at once. Bryan's modification is preferable to any of 
the others. It has been used by the writer frequently and with satisfactory results. 

/. 0. Clarke: All reactions on Sample No. 5 were somewhat faint, but sufficient 
to be classed as '*positive". 

W, L. Scovill: In Bryan's modification of Fiehe's test it is preferable to add 2 
drops of the reagent instead of 1. The 24 hour test with the original Fiehe reaction 
and Hartmann's modification is not characteristic, as a pure honey will give a posi- 
tive reaction. 

The original Fiehe test and Hartmann's modification give slight positive re- 
actions with pure honey. 

F. L, Shannon: There is no advantage in either Fiehe's original or in Hartmann's 
modification in allowing them to stand 24 hours and then drawing conclusions. The 
color is well developed in 2 minutes and the best conclusion can be drawn at the 
end of that time. 

DISCUSSION. 

The results of the collaborators on these 4 tests indicate that it is not 
possible in all cases to detect artificial invert sugar in honey when the 
adulteration is less than 5%. It is also evident that the possibility of 
detecting artificial invert sugar in honey depends upon the nature of the 
invert sugar present. None of the collaborators hesitated to pronounce 
Samples A, B and C adulterated although Sample A contained but 3% 
adulterant, while in the case of Sample E, which contained but 3% adulter- 
ant, all were doubtful as to its purity, although not quite positive that it 
was adulterated. Sample A contained 3% of one kind of invert sugar 
and Sample E 3% of another. 

All of these reactions depend upon furfural or its derivatives and the 
intensity of the color developed depends upon the amoimt of furfural 
present. This may be large or small, depending upon the manner in 
which the artificial invert sugar has been made. No accurate conclusions 
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can be drawn, therefore, from any of the tests as to the amount of the 
adulterant present. 

Nothing is gained by allowing any of the tests to stand for any length 
of time before drawing conclusions. The color in all instances is developed 
at once when the adulteration is perceptible. 

RECOMMENDATIONS. 

It is reconunended — 

(1) That Bryan's modification of Fiehe's test, as given on pagel50» 
be adopted as provisional. 

(2) That Fiehe's test as given on page be 149, adopted as provisional, 
except that the sentence "Note color after standing 10 minutes and again 
after standing 24 hours", be stricken out. 

(3) That Feder's anilin chlorid test, as given on page 150, be adopted 
as provisional, except that the sentence "The intensity of the color is 
proportional to the amoimt present", be stricken out. 

The Association adjourned at 11.55 to reassemble at 1 p.m. 
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Vacuum Chamber 
r«moYed from Oren 



Freas Electric Vacuum Oven 

A Combined Vacuum and Regular Air Drying Oven 

Tikis new type Vacuum Oven is designed to meet the demand for a really 
satisfactory Oven that has been created by the rapidly growing recognition of 
the advantages of drying in vacuo, which allows most drying operations to be 
conducted more satisfactorily than in an Air Oven and in one-tenth the 
amount of time in a great many instances. 

Tlie Freas Electric Vacuum Oven permits drying operations in vacuo to 
be conducted at any constant temperature desired up to 180'' C, with practi- 
cally no attention on the part of the operator, as the Oven can be relied upon 
for continuous unattended operation. The rugged durable construction of the 
Oven, its accuracy, reliability, convenience and ease of operation render it an 
excellent Oven to meet the most exacting requirements for laboratory opera- 
tions, both industrial and research. 

An exclusive and most advantageous feature of Oven Type ''RV" is that 
the vacuimi chamber is readily removable, allowing use of the Oven proper for 
regular air drying purposes during periods when vacuum drying is not desired. 

Freas Electric Vacuum Oven, Type RV, inside dimensions of vacuum 

chamber 9x9 inches, complete net |152*50 

Freas Electric Vacuum Oven, Type LV, inside dimensions of vacuum 

chamber 8 x 8 x 18 inches ....... net $3S0M 

Descriptive literature available 

EIMER & AMEND 

FOUNDED 1851 

NEW YORK 
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MONDAY— AFTERNOON SESSION. 

REPORT ON FRUIT PRODUCTS. 

By p. B. Dxtnbab, Associate Referee^ and H. A. Lbppbr (Bureau of 
Chemifitry, Washington, D. C). 

The work on fruit products during the past year has been directed 
principally to a further study of methods for the determination of malic 
and citric acids. The associate referee for 1914, Mr. H. C. Gore, recom- 
mended a continued study of his proposed methods for the determina- 
tion of these acids, and this reconmiendation has been followed in the 
case of the malic-acid method. The present referee has been imable to 
secure any details of the proposed method for citric acid and consequently 
no work on this method has been imdertaken. A study has been made, 
however, of the modification of Stahre's method^ for the determination 
of citric acid, recently published by Kunz.* The "Methods for the analyses 
of fruits and fruit products,"' have also been reviewed, and a critical study 
of the modified Schmidt-Hiepe method for tartaric, citric, and malic acids^ 
has been made. It has not seemed advisable to send out collaborative 
samples during the present year, as the details of the methods under study 
have not been completely worked out. 

CITRIC ACID. 

A somewhat detailed abstract of the method proposed by Kimz for 
the determination of citric acid has already been published.*^ The quan- 
titative method described is applicable only to the determination of citric 
acid in wines presmnably dry. Methods for its qualitative detection in 
milk, marmalade, and fruit sirup are also described. 

The quantitative method as applied to wine consists in treating the 
concentrated sample with sulphuric acid and bromin water, followed by 
a solution of potassium bromid. The solution is then oxidized with 
potassium permanganate, when insoluble pentabromacetone is precipitated 
quantitatively. While the method appears promising for the determi- 
nation of citric acid in dry wines and other materials containing small 
amoimts of permanganate reducing substances, it cannot be applied directly 

' Nordisk Tidsskrift (1805), 2: 141; Z. anal. Chem. (1807), 86: 195. 
« Arch. Chem. Mikros (1914), 7: 285-299. 
» U. S. Bur. Chem. Bui. 107 (rev.), pp. 77-82. 

* Ibid., pp. 80-81. 

• Chem. Abstracts (1915), 9: 687. 
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to fruit juices on account of the presence of large amounts of sugar. 
It, therefore, becomes necessary in order to apply the method to adopt 
some procedure for the precipitation of citric acid and its removal from 
most of the other permanganate reducing bodies. Precipitation as barium 
citrate from alcoholic solution has been advocated by many investigators, 
and seems to offer the most practical method of procedure. 

The method as finally adopted for study differs little, except for the 
fact that the citric acid is previously precipitated as barium citrate, from 
that recommended by Kunz for the determination of citric acid in wine. 
The procedure used for precipitating the acid is essentially that recom- 
mended for malic acid by the previous referee, Mr. Gore, but a solution 
of barium hydroxid is used instead of the solid substance, and the pectins 
are not removed before precipitation of barium citrate. 

The method is as follows: 

Determine the total acidity of the sample. It is convenient to use 1% azolit- 
min (made by dissolving 1 gram azolitmin in 80 cc. hot water, diluting to 100 cc. 
with 85% alcohol, and filtering) as an indicator in conjimction with a porcelain 
spot plate. 

Weigh out 25 grams of the sample and transfer to a 600 cc. beaker with 95% alco- 
hol; add an amoimt of approximately 0.25 N/ I barium hydroxid solution just suf- 
ficient to neutralize the acidity of the sample and 5 drops of 50% bariimi acetate 
solution, to insure an excess of barium. Dilute to a total volume of 375 cc. with 
95% alcohol, stir well and allow to settle. After the precipitates of pectins and bari- 
imi salts have settled well, decant the supernatant liquid into another beaker. 
Filter the decanted liquid through a folded filter to remove any small portions of 
precipitate which it may contain and wash the beaker with 95% alcohol. Filter 
the remainder of the pectin and baritmi salt precipitate on the same paper and 
wash the beaker and paper once with 95% alcohol. Transfer the precipitate quan- 
titatively from the paper to the original beaker with hot water, boil imtil no more 
alcohol can be detected by odor, add enough sulphuric acid (1:5) to precipitate 
all of the barium originally added and to allow 2 cc. of the acid in excess, evaporate 
by careful boiling to between 60 and 70 cc, cool and add 5 cc. of freshly prepared 
saturated bromin water; the solution should show an excess of bromin. Transfer 
quantitatively to a 100 cc. graduated flask and dilute to the mark at room tempera- 
ture; allow the precipitate of bariiun sulphate and that caused by the addition of 
bromin to settle and filter. The precipitate may be separated by centnfuging, and 
the supernatant liquid decanted if necessary. Now pipette an aliquot of the fil- 
trate, containing not more than 400 mg. of citric acid, calculated from the total 
acidity of the sample, into a 300 cc. Erlenmeyer flask. The amoimt of citric acid 
in the aliquot should, if possible, exceed 50 mg. Add 10 cc. sulphuric acid (1:1) 
and 5 cc. of potassitmi bromid solution (15 grams KBr in 40 cc. water). After shak- 
ing, warm the flask in a water bath to 48-50*^0. and allow it to remain in the bath for 
five minutes. After removing from the bath, add 25 cc. of 5% KMnOi from a burette 
in rapid drops with frequent interruptions and constant vigorous shaking, care 
being taken that the temperature during oxidation does not exceed 55". Set the 
flask aside until the hydrated peroxid of manganese begins to settle. (The super- 
natant liquid should be dark brown in color, showing an excess of KMnOi. If an 
excess is not indicated, more KMnOi must be added.) Then shake and again set 
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aside to settle, and repeat this operation until the precipitate takes on a yellow color 
and most of it has dissolved. Finally, while the solution is still warm, remove the 
last imdissolved portion of the hydrated peroxid of manganese precipitate and also 
the excess of bromin by adding drop by drop a clear concentrated solution of fer- 
rous sulphate acidified with HsS04. Allow the solution to cool, with occasional 
shaking. If the operations have been properly carried out, a heavy white precipi- 
tate of pentabromacetone is obtained. This becomes crystcdline on occasional 
shaking and in this condition is entirely insoluble in water. After the precipi- 
tate Has become crystalline, preferably after standing overnight, collect it by means 
of gentle suction on a porcelain Gooch crucible provided with a thin pad of asbestos, 
previously dried over HsS04 in a vacuum desiccator, and wash with distilled water 
slightly acidified with HsS04 and, finally, twice with distilled water (if the pre- 
cipitate has a tendency to pass through the filter, 1% H)S04 should be used for 
washing). Dry the precipitate to constant weight in a vacuum desiccator over 
HyS04 protected from strong light. The weight of pentabromacetone multiplied 
by the factor 0.464 equals citric acid plus 1 molecule of water of crystallization. 
It sometimes happens that the pentabromacetone is obtained in the form of oily 
droplets. These also become crystalline on standing, or on cooling, but are usually 
discolored by negligible traces of manganese or iron. There appears to be no dif- 
ference in the results obtained whether the precipitate is originally in the form of 
crystals or oily droplets, which later become cr3rstalline. 

The accuracy of this method has been tested by determinations on 
water solutions of citric acid containing var3ang amoimts of sucrose, 
and on diluted apple sirup and raspberry sirup containing added known 
amounts of citric acid, and in some cases added malic and tartaric acids. 
The results obtained are given in Table 1. 

According to Partheil and Hubner/ 100 grams of alcohol of specific 
gravity 0.8092 dissolves 0.00578 gram of barium citrate (C6H607)s Ba* + 
7H2O) at 25^C. 

In determining small percentages of citric acid, the solubihty of barium 
citrate in the volume of alcohol used will give rise to a relatively large 
error in the percentage recovered. Considerable time has been given 
to attempts to obviate this difficulty by determining the citric acid with- 
out previous precipitation, but these have been unsuccessful. It is hoped 
that the difficulty may be met by the use of a solubility correction. It 
is hardly necessary to point out, however, that a relatively small variation 
in the actual weight of citric acid found will give a marked variation in 
the percentage recovered and that comparisons should be made between 
the actual weights, in grams per 100 cc, of citric acid present and found. 
From the results on sirups containing added maUc and tartaric acids, 
it appears that these acids do not interfere with the determination. This 
has been further shown by applying the method to 50 cc. portions of 1% 
solutions of malic, tartaric, and succinic acids. In no case was a precipi- 
tate obtained. 

» Arch, der Pharm., 241: 412-435; Chem. Centr. (1903), 74: (2), 1026. 
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This method seems of sufficient promise to warrant further study, and 
it is recommended that the referee for the following year be instructed 
to take up this work and, if possible, to send out collaborative samples. 

Table 1. 

Determination of citric acid by Kunz modification of Stahre'a method. 
CrTRIC ACID IN AQUEOUS SOLUTION. 

NO VKmLOaSASY PRBCXPITATION A8 BABXUll CITBATS. 













CtJUJG acid XtMKOTMWaUi 






Per 100 00. 








gram 


ffTdm 


gram 


gram per 100 ee. 


pereeni 


0.0184 


0.04 


0.013 


0.03 


75.0 


0.0008 


0.18 


0.086 


0.17 


95.2 


0.0923 


0.18 


0.089 


0.18 


100.0 


0.1845 


0.37 


0.181 


0.36 


97.3 


0.1863 


0.37 


0.180 


0.36 


97.3 


0.2270 


0.45 


0.223 


0.45 


98.3 


0.2779 


0.56 


0.275 


0.55 


98.2 


0.3706 


0.74 


0.370 


0.74 


100.0 


0.4632 


0.93 


0.461 


0.92 


98.9 



PBBGIPITATION AB BABXUll CRBATB IXCXUDBD. 





APPBOXniATB 

AMOUNT SnCBOSB 

ADDBD PBB 


CITBZC ACID BBCOTBI 


mo 










FBrlOOoo. 


100 OC. 








gram 


grami 


gramt 


gram9 


grams per 100 ee. 


per cent 


0.4610 


1.84 





0.4503 


1.80 


97.68 


0.4610 


1.84 


0.5 


0.4491 


1.80 


97.42 


0.4610 


1.84 


1.0 


0.4493 


1.80 


97.47 


0.4610 


1.84 


2.0 


0.4487 


1.79 


97.33 


0.4610 


1.84 


5.0 


0.4465 


1.79 


96.85 


0.4610 


1.84 


10.0 


0.4448 


1.78 


96.50 


0.4610 


1.84 


20.0 


0.4455 


1.78 


96.64 





ADDBD CrrRIC ACID IN DILUTED APPLE SIRUP. 




CRBK ACID PBBSKNT 












PBXSBNT 




MD 


In 26 00. tample 


PBrlOOoo. 




gram 


grame 


percent 


gram 


grame per 100 ee. 


pereeni 








0.51 











0.0369 


0.15 


0.03 


0.029 


0.12 


80.0 


0.0484 


0.19 


0.53 


0.038 


0.15 


78.9 , 


0.0554 


0.22 


0.03 


0.049 


0.20 


90.9 


0.0727 


0.29 


0.53 


0.059 


0.24 


82.8 


0.0923 


0.37 


0.03 


0.081 


0.32 


86.5 


K).0969 


0.39 


0.53 


0.082 


0.33 


84.6 


«0.09e9 


0.39 


0.53 


0.082 


0.33 


84.6 


0.1211 


0.48 


0.53 


0.109 


0.44 


91.7 


0.1845 


0.74 


0.03 


0.178 


0.71 


96.0 


0.2707 


1.08 


0.51 


0.243 


0.97 


89.8 


0.4060 


1.62 


0.51 


0.406 


1.62 


100.0 



& 2.5 grama suorooe added to 25 oo. lample. 
* 5 gnnxa suoroee added to 25 co. sample. 
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crrsxc Aam pbssbmt 


APTBOXnCATB 
HAT.iy^ ACID 


TABTARIC ACm 




V 








CITltIO ACID RBOOTXIUBD* 


In 25 00. 
sample 


Far 100 00. 


ADDKD 


ADDBD 






gram 


gram 


peremt 


peroent 


gram 


gram ptr 
100 ec. 


peremt 


^.1373 


0.55 








0.155 


0.62 


112.7 


M).1373 


0.55 








0.164 


0.62 


112.7 


■0.0992 


0.40 








0.097 


0.39 


97.5 


•0.0992 


0.40 


0.39 





0.094 


0.38 


95.0 


•0.0992 


0.40 





0.40 


0.097 


0.39 


97.5 


•0.0992 


0.40 


0.19 


0.20 


0.093 


0.37 


92.5 



* The last f oar determinations are ooneoted for the amount of oitrio aeid found in the oricinal sirup by 
precipitation. 

< Calculated from titration of original sirup. 

* Grams of dtric add added in excess of that originally present. 

MALIC ACID. 

The previous referee, Mr. Gore, has given considerable attention to 
a study of methods for the determination of malic acid during the past 
three years. In his report for the year 1912^ he gives results obtained 
by eight collaborators, using the polariscopic method proposed by Dun- 
bar and Bacon.^ This method depends on the change in the rotation 
of maUc-acid solutions when treated with uranyl acetate. The sample 
of cider analyzed contained 0.50% of total acidity calculated as malic* 
The results reported varied from 0.468 to 0.631%, and averaged 0.49%. 
During the following years, Mr. Core paid considerable attention to the 
effects, on the rotations of uranium-malic acid solutions, of various fac- 
tors. He further investigated the possibility of developing a method 
based on the change in rotation of malic-acid solutions when treated with 
ammonium heptomolybdate. As a result of this work he suggested, in 
his report for 1914, two polariscopic methods for the determination of 
malic acid, both of which call for a preliminary precipitation of the acid 
as barium malate. 

. The uranyl-acetate method suggested differs from the Dunbar-Bacon 
method, first sent out by Mr. Gore for collaborative work, in that pre- 
cipitation of malic acid is suggested, a solution of uranyl acetate is used 
in place of the solid salt, and the amoimts of malic acid are determined 
by referring the polariscopic reading to a table, rather than by the use 
of a constant factor. The method of Dxmbar and Bacon is not appli- 
cable in the presence of tartaric acid nor in the case of highly colored 
liquids which cannot be readily polarized. A method whereby the malic 
acid may be precipitated and separated from interfering substances is 
therefore highly desirable. The use of a solution of uranyl acetate in 

« U. S. Bur. Chem. Bui. 162, p. 63. 
* U. S. Bur. Chem. Circ. 76. 
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place of the solid salt is also advantageous in that it obviates the indefinite 
error of dilution, due to the solution of unknown amounts of uranyl 
acetate. InHhe case of products containing small amoimts of malic 
acid, however, the dilution of the solution with an equal volume of uranyl- 
acetate solution produces a corresponding decrease in the polarization 
and thereby increases the relative percentage error due to inaccuracies 
in reading the polariscope. 

The 1914 report on fruit products contained results by only two col- 
laborators using the proposed methods for malic acid suggested by Mr. 
Gore. These, unfortunately, do not agree very satisfactorily, and it 
seemed advisable, therefore, to carry out further experimental work with 
solutions containing known amounts of malic acid. Numerous difficulties 
were encountered in precipitating the acid; and, although considerable 
time was given to the work, the results so far obtained are not such as 
to justify a final recommendation regarding the method. It was found 

Table 2. 

Determination of nuUic add by the uranyl-acetate and molybdate methods in aqiteaw 

soltUions containing tartaric acid. 





TABTABIC 

▲GU>PBSB- 

BNT IN 26 CO. 

SAMPLB 


MALIO ACQ) RBOOTXBBD 


In 25 00. 
■ample 


Per 100 00. 


By uranyl-aoetate method 


By molybdate method 


gram 

0.0938 
0.0938 
0.1407 
0.1876 


gram 

0.38 
0.38 
0.56 
0.75 


gram 

0.0997 
0.1496 
0.0997 
0.0499 


gram 

0.092 

. 0.088 

0.130 

0.165 


gram per 
lOOee. 

0.37 
0.35 
0.52 
0.66 


percent 

97.4 
92.1 
92.9 
98.0 


gram 

0.102 
0.100 
0.157 
0.223 


gram per 
100 ec. 

0.41 
0.40 

0.63 
0.89 


percent 

107.9 
105.2 
112.5 
118.6 



to be difficult, if not impossible, to dissolve the solid barium hydroxid 
which is added to precipitate the malic acid, and a strong standardized 
barium-hydroxid solution was therefore substituted. The error due to 
the solubiUty of barium malate does not seem to be serious. It was 
found, however, that in the case of solutions containing malic and tartaric 
acids, a sufficient amount of bariiim tartrate was dissolved to reduce 
the negative polarization somewhat in the uranyl-acetate method and 
increase it in the molybdate method. The irregularities of results due 
apparently to this cause are shown in Table 2. Comparison of the actual 
weights of malic acid present with those foimd, however, show that the 
error in grams per 100 cc. is not large. In the case of determinations of 
malic acid in fruit juices, much of the color of the original sample is car- 
ried down with the barium precipitate and again dissolved when this 
precipitate is taken up in water. 

It thus appears that the method suggested for the precipitation of 
barium malate does not entirely obviate the difficulties in the original 
method when interfering color is present, but is of promise in determining 
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malic acid in the presence of tartaric when the color of the solution is not 
excessive. In the absence of tartaric acid and color the precipitation 
method introduces a number of time-consuming operations without 
materially affecting the results. 

The work which was undertaken on citric acid prevented an extended 
study of the malic-acid method. From the results of the collaborative 
work reported by Mr. Gore in 1912 and those obtained by the present 
referee and reported in U. S. Bureau of Chemistry Circular 76, it would 
appear that the malic-acid method as originally described in that circu- 
lar can undoubtedly be appUed with accuracy to solutions which can be 
polarized readily and which contain no optically active acid other than 
malic. Where the amount of malic acid present is sufficient, the use of a 
solution of uranyl acetate is apparently to be preferred to the solid salt. 
When it is possible to make readings without difficulty, rapid determi- 
nation may be made with reasonable accuracy without previous neu- 
tralization or clarification by polarizing before and after treatment with 
uranyl acetate. In the presence of tartaric acid, preliminary precipitation 
as the barium salt is advantageous. 

REVIEW OF METHODS FOR THE ANALYSES OF FRUITS AND 
FRUIT PRODUCTS. 

A number of recommendations for changes in the methods for the analyses 
of fruits and fruit products have been forwarded to the chairman of the 
committee on the revision of methods. These recommendations will 
doubtless be included in the report of the committee. 

Table 3. 
Experiments with the Schmidt-Hiepe method for tartaric, citric, and malic acids.^ 



iro. 


TABTABIC ACID 


CITRIC ACID 


MALIC ACID 




Added 


RMovored 


Added 




Added 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


gram 
0.4896 
0.4896 

6".39i7' 
0.1469 
0.1469 

6;6979 
0.0490 
0.0490 

6.6496 


gram 
0.4834 
0.4884 
0.0195 
0.3856 
0.0706 
0.0702 
0.0075 
0.0957 
0.0342 


0.0045 
0.0305 


percent 

98.73 
99.76 

"98!44' 
48.06 
47.78 

' "97. 75" 
69.80 


'62.24 


gram 
0.4601 

'6;4462 
0.3570 
0.1339 

*6.i339 
0.0920 
0.0460 

'6.6466' 
0.0460 


gram 
0.3955 

0.0019 
0.2957 
0.1760 
0.0803 
0.0025 
0.0141 
0.0118 
0.0109 
0.0102 
0.0048 



percent 

85.96 

'66.27' 
49.30 
59.97 

'i6".53 
12.83 
23.69 

'i6!43 



gram 

6;4856' 
0.4856 
0.3885 

*6.i457* 
0.1457 
0.1003 

6^6562 
0.0502 
0.0502 


gram 
0.0304 
0.4000 
0.5832 
0.4636 
0.0586 
0.1286 
0.1631 
0.0141 

lost 


lost 

lost 


percent 

■82.37' 

120.1 

116.8 

' '88.29* 
112.0 
13.06 

6 * 



in. S. Bur. Chem. Bui. 107 (rev.), p. gO. 

In 3, 7, and 11, where a reoovory is reoorded for tartaric acid when none was present, the titer was probably 
caused by calcium acetate retained, due to the limitation to the washing. 

The amount of tartaric acid recovered in 3, 7, and 11 is the amount actually titrated, the 0.0286 gram 
dissolved In the 100 cc. filtrafe not being added, as no tartaric was present. 

The amount of malic recovered was alwayB corrected for the tartaric (0.0286) present when it was known 
to be there, due to original addition. 
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Table 3 contains the results of a study of the modified Schmidt-Hiepe 
method for the determination of tartaric, citric, and malic acids. From 
these results it appears that the method is unreliablei and should be 
dropped as one of the official methods. 

RECX)MMENDATIONS. 

It is recommended — 

(1) That the Kunz modification of Stahre's method for the determina- 
tion of citric acid be further studied. 

(2) That the uranyl-acetate and ammonium heptomolybdate methods 
for the determination of malic acid be further studied. 

(3) That the method for "Tartaric, citric, and malic acids (Schmidt- 
Hiepe method modified) official"^ be dropped. 

REPORT ON WINK 

Bt B. G. HABTiiANN (Bureau of Chemistry Food and Drug Inspection 
Laboratory, Chicago, HI.), Associate Referee^ 

The provisional method for the determination of total tartaric acid 
content in wines,^ is inaccurate and unreliable. In a paper read before the 
association in 1912, Hartmann and Eoff called attention to this fact, 
presenting proof in support of their criticisms and offering for trial a 
modification of this method. This paper gave the initiative for a series 
of cooperative investigations extending over a period of three years, con- 
ducted for the purpose of determining the relative merits of the two 
methods as to their accuracy and adaptability to varying conditions. 
In the course of these investigations the methods were tried on wines, 
grape juices, and S3rnthetic solutions containing varying amounts of tar- 
taric and phosphoric acids. 

The results of this work proved conclusively that the provisional method 
is far from satisfactory^ whereas the proposed method was found to be 
accurate and reliable. 

During the present year five samples of grape juice, with and with- 
out the addition of tartaric acid and phosphoric acid, were sent to col- 
laborators with the following instructions: 

INSTRUCTIONS TO COLLABORATORS. 

The samples were filtered and no precipitation is expected. However, as a pre- 
cautionary measure, shake the samples thoroughly just before measuring the 
various portions. 

» U. S. Bur. Chem. Bui. 107 (rev.), pp. 80-81. 

• Presented by M. J. Ingle. 

» U. S. Bur. Chem. Bui. 107 (rev.), p. 86. 
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ACIDirr OP THE JUICE. 

Measure 10 cc. of the sample into a 250 cc. beaker, add 20 cc. distilled water and 
titrate with tenth-normal sodium hydroxid until two drops of the solution when 
mixed on a porcelain tile with several drops of a neutral azolitmin solution give no 
red tint. Prepare the azolitmin solution by dissolving 0.5 gram pure azolitmin in 
a liter of distilled water, neutralizing with either acid or alkali, as the case may be. 

DETERMINATION OP TOTAL TARTARIC ACID. 

Proviiianal method, — ^Determine as described in U. S. Bureau of Chemistry Bul- 
letin 107 (revised), page 86, using 50 cc. of sample, and dilute with 50 cc. distilled 
water. Use 20 cc. of alcohol instead of 15 cc. Collect the cream of tartar crystals 
on a double filter paper in a BQchner funnel (see U. S. Bureau of Chemistry Bulletin 
162, p. 73) and titrate with N/10 alkali, using phenolphthalein as indicator. Multiply 
by 2 to obtain grams per 100 cc. Do not stir longer than 1 minute and do not place 
in an ice box for the 15 hours prescribed, but allow to remain at room temperature. 

Proposed method (Hartmann and Eoff^), — Transfer 50 cc. of the sample to a 250 cc. 
beaker and neutralize with sodium hydroxid. The amount of normal alkali re- 
quired is calculated by multiplying the cc. N/lO sodium hydroxid required to titrate 
the 10 cc. of the sample (under 1) by 0.5. To the neutralized solution, add enough 
watei" to make 100 cc. and add tartaric acid. The tartaric acid used should be of 
the purest obtainable and should be powdered and dried for about two hours at the 
temperature of boiling water. Determine the purity of the tartaric acid by titrat- 
ing 0.30 gram with N/lO alkali, using phenolphthalein as indicator. Keep the tartaric 
acid in a desiccator. The amount of tartaric acid to be added is calculated, by mul- 
tiplying the number of cc. N/l NaOH required to neutralize the 50 cc. sample 
by 0.075. Weigh the amount accurately. 

After the tartaric acid has gone into solution, add 15 grams powdered potassium 
chlorid and stir until the salt has dissolved. Now add 2 cc. glacial acetic acid 
and 20 cc. of 95% alcohol. Stir until precipitation has started and place in an ice 
box for at least 15 hours. Collect the cream of tartar cr3rstals on a double filter 
paper in a Bikchner funnel and titrate with N/lO alkali, using phenolphthalein as 
indicator. Calculate the total tartaric acid and subtract the tartaric added, making 
proper correction for purity of the latter. This will give the tartaric acid in 50 cc. 
Multiply by 2 to obtain grams per 100 cc. 

The basis of the five samples was a pure Concord grape juice. In 
order to prevent precipitation of potassium acid tartrate, the filtered juice 
was diluted with 25% of distilled water. The samples were made up 
as follows: 

No. 1. — ^The diluted juice. 

No. 2. — ^The diluted juice with the addition of 0.569 gram of tartaric acid per 
100 cc. 

No. 3. — ^The diluted juice with the addition of 0.06 gram of phosphoric acid per 
100 cc. 

No. 4. — The diluted juice with the addition of 0.30 gram of phosphoric acid per 
100 cc. 

No. 5. — ^The diluted juice with the addition of 0.086 gram sodiimi carbonate to 
neutralize the free tartaric acid. 

1 U. S. Bur. Chem. Bui. 162, p. 72. 
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All samples were sterilized. 

The following results were obtained by the collaborators and the 
associate referee. 

Total tartaric acid (grams per 100 cc). 





BAIIPLS 


ANALYST 


1 


3 


S 


4 


ft 




No.l 


No. 2 


No. 1 


No. 3 


No.l 


No. 2 


No.l 


No. 3 


No. 1 


No. 2 


J. R. Eoflf, Jr... { 

M.J. Ingle 

F.D. Merrill... 1 


0.628 
0.634 
0.658 
0.678 

6;656 
0.664 

0.638 

0.662 
0.668 


0.614 
0.608 
0.627 
0.628 
0.628 
0.626 
0.629 

0.618 

0.618 
0.623 


0.912 
0.924 
0.969 
1.024 
1.024 
0.960 
0.964 

0.962 

0.960 
0.972 


1.210 
1.208 
1.206 
1.213 


0.604 
0.607 
0.642 
0.679 


0.614 
0.620 
0.636 
0.686 


0.414 
0.408 
0.433 
0.382 


0.628 
0.620 
0.638 
0.686 


0.666 
0.668 
0.600 
0.662 
0.668 
0.682 
0.686 

0.684 

0.686 
0688 


0.624 
0.620 
0.637 
0.602 
0.606 


E. H. Berry . . . . | 

T. G. Gleason . . \ 
Edw. F. Higgins 

B. G. Hartmann < 


1.200 
1.206 

1.200 

1.190 
1.196 


0.644 
0.660 

0.626 

0.644 
0.660 


0.613 
0.626 

0.636 

0.613 
0.620 


0.444 
0.460 

0.436 

0.438 
0.442 


0.627 
0.633 

0.644 

0.618 
0.626 


0.616 
0.616 

0.632 

0.618 
0.620 


Average 


0.664 


0.622 


0.966 


1.203 


0.638 


0.618 


0.427 


0.624| 0.676 


0.619 



No. 1. ptoTinonal method: No. 2, proposed method. 

No comments on the two methods were offered by the collaborators. 
M. J. Ingle submitted the results which he obtained on the five samples 
by the Rochelle-salt method, as follows: 

The following are the results obtained by using Rochelle salt on the five samples 
submitted. I did not add any alkali to these determinations, merely a quantity of 
Rochelle salt calculated by multiplying the nimiber of cc. of N/l alkali required 
for complete neutralization by the factor 0.141. The portions of the juice used were 
measured on July 19 and had to be thoroughly shaken to mix in the precipitated 
tartar. I then added 60 cc. of water, 2 cc. acetic, 16 grams KCl, and 20 cc. of 96% 
alcohol, and placed in the ice box over night. I ran these determinations in dupli- 
cate and obtained good checks. I foimd out that one cannot be certain of the state 
of hydration of these salt crystals, particularly if grinding is resorted to. It will 
therefore be necessary to nm a blank in duplicate on 1-gram samples of the salt 
as used. The tartaric acid recovered will represent the factor for obtaining the per- 
centage of acid added from the weight of Rochelle salt used. 

The procedure in the case of the blank consisted in merely diluting to 100 cc. 
and adding the acetic and other constituents, omitting, as above, the potassium 
acetate. 

? Total tartaric acid {grama per 100 cc,), 

Rochelle-aalt Pr o poeed 
method method 

No.l 0.624 0.627 

No. 2 1.170 ,1.206 

No. 3 0.624 0.636 

No. 4 0.620 0.638 

No. 6 0.640 0.637 
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DISCUSSION OF RESULTS. 

The general average of the results obtained by the collaborators for 
the two methods are: 

ToUd tartaric acid (grams per 100 cc). 

Provisioaal Proposed 
method method 

No. 1 0.554 0.622 

No. 2 0.966 1.203 

No. 3 0.538 0.618 

No. 4 0.427 0.624 

No. 5 0.576 0.619 

With the exception of sample No. 2, the total tartaric-acid content of 
the five samples submitted is identical. Taking as a basis the general 
average (0.621) of the results obtained on these four samples by the pro- 
posed method, the recoveries by the provisional method are: 

Percent 

No. 1 (containing free tartaric acid) 89 

No. 3 (containing 0.06 gram phosphoric acid) 87 

No. 4 (containing 0.30 gram phosphoric acid) 70 

No. 5 (containing no free tartaric acid) 93 

Sample No. 2 had an addition of 0.569 gram of tartaric acid per 100 cc. 
Of this amoimt the proposed method recovered 102% and the provisional 
method 61%. 

From these results it is evident that the provisional method is un- 
reliable and inaccurate and that the proposed method gives very satis- 
factory results. Regarding the provisional method the results show — 

(1) That it fails to determine all the free tartaric acid. 

(2) That the addition of potassium acetate has a decomposing efifect 
upon potassium-acid tartrate. 

(3) That the presence of a free mineral acid such as phosphoric acid 
partially prevents the formation of potassium-acid tartrate. 

The first two points, the presence or absence of free tartaric acid, are 
the two conditions occurring in natural wines and grape juices, whereas 
the presence of added phosphoric acid is very often met with in artificial 
grape products, such as grape-juice sirups and other soda-fountain bever- 
ages. Accordingly, the provisional method is not appUcable to any of 
the conditions which occur in wines or grape juices, unless it is assumed 
that a relative amoimt of free tartaric acid retards the decomposing 
action of the potassium acetate upon potassium-acid tartrate: 

KAc + HjT = KHT + HAC. 

In conclusion it should be said that the deductions made from the 
results obtained in this investigation are similar to those made in the 
three previous reports on this subject. 
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In making a recommendation for the adoption of the proposed method, 
it seems desirable to call attention to the fact that many results have 
been published on authentic samples of wines and grape juices of known 
purity examined by the provisional method. Results obtained by the 
proposed method would not, therefore, be comparable with previously pub- 
lished figures. It does not seem, however, that a method found to be 
entirely unsatisfactory should be retained by the association. 

RECOMMENDATION. 

It is recommended — 

That the provisional method be dropped by the association and the 
proposed method be adopted for the determination of total tartaric acid 
in wines, grape juice, and soda-fountain sirups. 

The following is the method for wines: 

Neutralize 100 cc. wine with normal sodium hydroxid. The amoimt of alkali 
necessary for neutralization is calculated from the acidity of the wine. If the 
volume of the solution is increased more than 10% by the addition of the alkali, 
evaporate the solution to approximately 100 cc. Add tartaric acid to the neu« 
traUzed solution. For each cubic centimeter normal alkali used add 0.075 gram 
tartaric acid.^ After the tartaric acid has dissolved, add 2 cc. glacial acetic acid 
and 15 grams potassium chlorid. After the potassium chlorid has dissolved, add 
15 cc. of 95% alcohol, stir vigorously until the cream of tartar starts to precipi- 
tate, and let stand for at least 15 hours in an ice box. Decant the liquid from 
the separated acid-potassium tartrate on a Gooch prepared with a very thin film 
of asbestos or on filter paper in a Bttchner funnel. Wash the precipitate and filter 
three times with a small amount of mixture of 15 grams of potassium chlorid, 20 cc. 
of 05% alcohol, and 100 cc. of water, using not more than 20 cc. of the wash 
solution in all. Transfer the asbestos or paper and precipitate to the beaker in 
which the precipitation took place, wash out the Gooch or Bachner funnel with 
hot water, add about 50 cc. of hot water, heat to boiling, and titrate the hot so- 
lution with tenth normal sodium hydroxid, using phenolphthaleln as indicator. 
Increase the number of cubic centimeters of N/10 alkali required by 1.5 cc. on ac- 
coimt of solubility of the precipitate. One cubic centimeter of N/10 alkali is 
equivalent to 0.015 gram tartaric acid. To ascertain the tartaric acid originally 
present in the wine, subtract the amount of tartaric acid added. This will give 
the grams of total tartaric acid per 100 cc. of wine. 

^ The tartaric acid used should be of the purest obtainable and should be powdered 
and dried for about two hours at the temperature of boiling water. 

In the case of grape juice or sirups, use 50 cc. of the sample, neutralize with normal 
sodium hydroxid, and add distilled water to 100 cc. volume. Proceed as under wine, 
adding 20 cc. of alcohol instead of 15 cc. After subtracting the tartaric acid added, 
multiply by 2 to obtain grams total tartaric acid in 100 cc. 
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REPORT ON BEER. 

By H. S. Paine (Bureau of Chemistry, Washington, D. C), 
Associate Referee,^ 

No plan for further work was submitted in the last report of the asso- 
ciate referee on this subject and, owing to a combination of circumstances, 
a plan for work which was deemed to be suflSciently profitable was de- 
vised too late for submittal to the collaborators. 

Briefly, the matter maybe stated as follows: Comparison of the analyses 
of various malt beverages, correlated with a knowledge of the conditions 
of the mash, leads to the conclusion that the methods employed for the 
determination of maltose (or "reducing sugars") and dextrin do not yield 
accurate results in all cases — ^the degree of accuracy being variable — 
that is, fairly acceptable in some cases and quite unsatisfactory in others. 
This variation is probably dependent upon the proportion of maltose 
and dextrin, and this in turn depends, of course, upon the mash conditions. 

In the method which is based upon polarization there is a grave ques- 
tion of the accuracy of the assumed rotatory power of dextrin. There 
are various dextrins, of course, and it is a question whether the assumed 
value is always representative. 

In the reduction method, which is more reliable, the factors which 
must be considered are somewhat as follows: 

(1) The effect of dextrin and other constituents upon the reducing action 
of maltose in the reduction before hydrolysis, i.e., the question of appli- 
cability of the maltose tables to these conditions. 

(2) The possibility of some reducing action by the lower dextrins. 

(3) The possible effect of other sugars which might be present. 

(4) The accuracy of the factors employed. 
Various other considerations have a possible effect. 

It is impossible in the absence of some preliminary experimental work 
to say just what the effect of these various factors may be and which 
will be of the most importance. The point to be emphasized, however, 
is that the variations in the composition of the mash and conditions of 
mashing are the controlling factors which cause a variable degree of ac- 
curacy in the above determinations. The other methods employed in 
beer analysis are, on the whole, satisfactory. 

It is beUeved that the carbohydrate determinations are most in need 
of attention at the present time, and it is recommended that the methods 
for the determination of maltose and dextrin in beer be made the sub- 
ject of study for the coming year. 

No report was made by the associate referee on distilled liquors. 
^ Presented by M. J. Ingle. 
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A STUDY OF THE FUSEL OIL AND ESTERS IN 
DISTILLED LIQUORS. 

Bt Louis Katz (Bureau of Chemistry Food and Drug Inspection 
Laboratory, New York).* 

The examination of brandies and other distilled liquors for fusel oil 
is ordinarily limited to an estimation of the quantity of fusel oil present. 
No attempt is made to gain an insight into the composition of the fusel 
oil. Considering the importance of the fusel oil constituent of distilled 
liquors as a basis of judgment to be pronounced by the chemist as to 
their genuineness, and further considering the comparative ease with 
which the recognized minimum quantity of fusel oil could be added to 
neutral spirits, it seemed quite obvious that a mere quantitative deter- 
mination of fusel oil is a somewhat weak link in the chain of evidence the 
chemist gathers in the examination of Uquors. At best it enables the 
chemist to pronounce a liquor sophisticated only in that limited num- 
ber of cases where not enough of a so-called bona-fier or too much neutral 
spirits have been added to keep the quantity of fusel oil above the re- 
quired minimum. A qualitative examination of the fusel oil of distilled 
liquors, supplementary to its quantitative determination, seemed highly 
desirable and was accordingly undertaken at the suggestion of Mr. A. 
F. Seeker. The property of the volatile acids of the acetic acid series, 
when fractionally distUled from an aqueous solution, to pass over at a 
rate which is definite and characteristic for each acid,' was made the 
basis of the study. This property of the individual acids causes any 
definite mixture of them to distil over at a rate which is definite and 
characteristic for that particular acid mixture. In the regular course 
of analysis of distilled liquors, the so-called fusel oil, or the sum total of 
the higher alcohols, is determined quantitatively by oxidizing these alco- 
hols to their corresponding acids and titrating the acid mixture with 
alkali. Now this acid mixture, after having been titrated and thus hav- 
ing served the purpose of quantitative estimation of the fusel oil, was again 
acidified with sulphuric acid and submitted to fractional distillation. 
As was expected, the rate of distillation diflfered in the case of acid mix- 
tures obtained from the fusel oils of different samples of liquors, such 
differences being obviously due to differences in the composition of the 
acid mixtures, hence also of the fusel oils in these samples. In other words, 
the fusel oil of a distilled liquor yields upon oxidation an acid mixture 
which, when fractionally distiQed from an aqueous solution under definite 
conditions, passes over at a rate which is dependent upon the composi- 

* Presented by A. F. Seeker. 

'See method of M. Duclaux of detection and estimating organic acids. Allen's 
Commercial Organic Analysis, 1905, 1 : 490. 
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tion of the fusel oil. The curve representing that rate of distillation 
affords, therefore, a ready means to differentiate between fusel oils of 
different composition without making an actual analysis of those com- 
plex mixtures. 

The esters of distilled liquors may also be studied qualitatively by 
isolating the sum total of their combined acid radicles and submitting 
the acid mixture to fractional distillation. 

The procedure was in all cases as follows: 

To 119 cc. of the acid mixture in a 500 cc. distillation flask, 1 cc. of concentra- 
ted H1SO4 was added, the flask connected to a condenser, and the solution distilled 
at a moderate rate, the receiver being changed each time 20 cc. passed over. Five 
fractions of 20 cc. each were distilled over, 20 cc. remaining in the distillation flask. 
Each fraction was titrated with standard alkali, thus furnishing a set of five numbers, 
representing the rate of distillation of the mixed acids, from which a curve graph- 
ically showing this rate of distillation could be estimated. The numbers were ex- 
pressed as percentages of acid in each fraction with regard to the total acid that 
had passed over in the entire 100 cc. distilled. Thus, a rate of distillation repre- 
sented by the following five numbers : 40, 25, 15, 10, 10, would mean that the first 
20 cc. fraction contained 40% of total acid that distilled over in all the five frac- 
tions taken together, the second 20 cc. fraction contained only 25%, the third, 15%, 
the fourth, 10%, and the fifth, 10%. 

Tables 1, 2, and 3 represent the results of fractional distillation of acid 
mixtures resulting from the oxidation of fusel oils derived from various 
distilled liquors. 

Table 1. 
Fractional distillation of fusel oil — French brandies. 



SAlfPLX 


PXB CSNT or ACID IN BAOH FKACTION 


SAKPLB 


PUB CXNT OF ACID IN BACH FBACTION 


NO. 












NO. 














1 


3 


3 


4 


5 




1 


2 


3 


4 


5 


1 


41.0 


25.9 


15.6 


9.6 


7.8 


20 


36.2 


23.2 


15.2 


12.4 


13.0 


2 


41.0 


24.8 


15.4 


10.2 


8.5 


21 


38.6 


23.9 


14.5 


11.0 


12.0 


3 


40.6 


22.6 


15.1 


10.9 


10.8 


22 


38.2 


23.1 


15.6 


11.6 


11.5 


4 


40.7 


23.2 


13.9 


11.1 


11.1 


23 


40.6 


24.1 


14.4 


10.7 


10.2 


5 


43.8 


21.9 


14.4 


9.6 


10.3 


24 


41.9 


23.9 


14.4 


10.5 


9.3 


6 


38.3 


23.4 


17.0 


10.7 


10.6 


25 


38.0 


23.0 


15.6 


11.8 


11.6 


7 


42.4 


24.3 


14.4 


10.8 


8.1 


26 


38.3 


24.0 


15.3 


11.2 


11.2 


8 


40.2 


23.9 


15.2 


10.9 


9.8 


27 


40.1 


22.9 


14.4 


10.6 


11.9 


9 


42.7 


24.3 


15.5 


8.8 


8.7 


28 


40.1 


23.2 


15.0 


10.6 


11.1 


10 


45.7 


23.1 


13.0 


9.2 


8.9 


29 


41.2 


22.4 


13.7 


10.7 


12.0 


11 


39.4 


24.8 


15.2 


10.4 


10.2 


30 


40.3 


24.3 


14.8 


10.4 


10.2 


12 


38.9 


23.6 


15.4 


10.9 


11.2 


31 


41.8 


24.6 


15.6 


9.8 


8.2 


13 


41.1 


24.3 


14.8 


10.0 


9.8 


32 


41.9 


25.0 


14.5 


10.2 


8.4 


14 


41.5 


22.9 


14.6 


10.6 


10.4 


33 


38.5 


24.8 


13.7 


11.2 


11.8 


15 


45.5 


23.5 


13.4 


9.0 


8.6 


34 


36.0 


23.6 


15.6 


12.4 


12.4 


16 


46.6 


23.3 


13.5 


8.2 


8.4 


35 


45.2 


25.2 


14.0 


8.3 


7.3 


17 


36.0 


23.4 


15.1 


12.0 


13.5 


36 


41.2 


24.3 


15.0 


10.5 


9.0 


18 


38.0 


23.2 


15.1 


11.4 


12.3 


37 


39.1 


24.2 


15.2 


11.4 


10.1 


19 


38.4 


23.5 


14.4 


11.6 


12.1 


38 


37.3 


23.7 


15.9 


11.9 


11.2 
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Table 4 is a study, on identical lines, of the fractional distillation of 
acid mixtures representing the acid radicles of the esters. In the last 
case those acid mixtures w^re isolated in the following manner: The 
free acidity of the liquor having been determined in a separate portion, 
100 cc. of it was neutralized exactly with the required amountof standard 
alkali and distilled. The distillate was saponified in the ordinary manner 
(as in the determination of esters) and again distilled till all alcohol had 
passed over. The residue in the distillation flask being then diluted with 
water, acidified with H1SO4 and distilled, the residue in the distillation 

Tablb 2. 
Fractional distillation of fusel oil — miscellaneous brandies. 



•AMPLB 


PSB CBMT or Aca> nt bacb nucnoN 


SAMTLB 




MO. 


1 


2 


9 4 5 


NO. 


1 


2 


s 


4 


5 


Frenoh bnuuly 


60 


42.7 


24.4 


14.5 


9.8 


8.6 














61 


36.0 


24.0 


16.7 


12.0 


11.3 


39 


40.8 


23.4 


15.1 


10.6 


10.1 


62 


47.6 


25.5 


13.7 


7.4 


5.8 


40 


41.3 


24.0 


14.9 


10.3 


9.5 


63 


38.3 


24.7 


15.5 


11.4 


10.1 


41 


40.8 


24.1 


15.4 


10 5 


9 2 














42 
43 


40.3 
40.4 


24.6 
25.7 


15.3 


10.9 
10.6 


8.9 
7.8 


HunfAiian bnuuly 


15.5 














44 


40.2 


23.9 


15.0 


10.8 


10.1 


1 


37.8 


18.9 


16.2 


13.5 


13.5 


45 


38.9 


24.0 


14.9 


11.1 


11.1 


2 


35.4 


21.0 


14.8 


13.7 


15.1 


46 


41.7 


24.2 


14.6 


10.4 


9.1 


3 


34.7 


22.2 


15.3 


13.9 


13.9 


47 


40.0 


24.2 


15.3 


11.0 


9.5 


4 


41.6 


23.4 


14.7 


10.5 


9.8 


48 


35.0 
47.2 
41.0 
44.5 
42.3 


23.5 
24.6 
23.9 
25.3 
24.0 


16.5 
13.3 
14.9 
14.6 
14.7 


12.5 
8.3 

10.4 
8.9 

10.0 


12.5 
6.6 
9.8 
6.7 
9.0 


5 


38.7 


22.9 


15.0 


11.7 


11.7 


49 
50 


Italian bimndy 


51 


1 1 


48.5 1 24.2 1 12.6 


7.7 1 7.0 


62 




Graek brmndy 




53 
54 


40.2 
35.9 


25.1 
22.5 


15.9 
15.9 


10.5 
13.1 


8.3 
12.6 








1 


38.1 


22.0 


14.8 


11.9 


13.2 


55 


44.5 


25.4 


15.0 


8.7 


6.4 


2 


46.4 


23.7 


12.4 


8.3 


9.2 


56 


38.8 


23.6 


15.2 


11.9 


10.5 


3 


48.8 


24.1 


12.7 


7.5 


6.9 


57 


42.9 


%.2 


14.1 


9.8 


8.0 


4 


34.8 


22.8 


15.4 


13.1 


13.9 


58 


37.9 


24.2 


15.5 


11.8 


10.6 


5 


47.8 


23.8 


12.3 


7.8 


8.3 


59 


35.9 


23.3 


16.8 


12.6 


11.4 


6 


48.0 


23.8 


14.5 


7.7 


6.0 1 

1 



flask was again diluted and again distilled. The combined distillates 
containing the volatile acid radicles of the esters were submitted to frac- 
tional distillation in the manner described above for fusel oil. 

Of all the samples examined, only the eight samples marked ''Authentic 
cognac'' are known to be genuine cognacs. All the other samples are 
marked according to the legend on the label, and their history, origin, 
and mode of manufacture are not known. Handicapped as we are be- 
cause of this uncertainty as to the origin and peculiarities in the methods 
of manufacture of almost all of the samples under examination, still it is 
possible to draw some general conclusions from a study of the tables 
submitted. 
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Tablb 3. 
Fractional dtBtilUUian offiuel oil — misceUaneous liquors. 



Spanish brandy: 

No. 1 

No. 2 

Chile brandy 

Batavia arrac 

German plum brandy — 

Slivowits 

Pomace brandy (French) 

No.l 

No. 2 

No. 3 

Pomace brandy (Italian) 

Jamaica rmn 

West Indies rmn 

St. Croix rmn 

Cuba rmn 

French rum 

Raisin brandy: 

No. 1 

No. 2 

Brandy: 

No.l 

No. 2 

No. 3 

No. 4 

Authentic cognac: 

No. 1 

No. 2 

No. 3 

No. 4 

No. 6 

No. 6 

No. 7 

No. 8 

Commercial fusel oil — 



PBB CBNT or ACID IN BACH rBACTION 



1 


2 


3 


4 


5 


36.7 


22.0 


15.3 


13.0 


13.0 


40.4 


22.9 


15.3 


10.7 


10.7 


41.3 


24.0 


14.6 


10.4 


9.7 


27.7 


19.7 


16.2 


16.8 


19.6 


36.3 


23.1 


15.6 


12.5 


12.5 


41.3 


23.6 


14.8 


10.7 


9.6 


36.6 


21.7 


14.7 


12.6 


14.4 


29.7 


20.4 


15.9 


15.3 


18.7 


29.9 


19.6 


15.7 


15.6 


19.2 


30.9 


21.4 


16.4 


14.6 


16.7 


24.1 


20.7 


19.3 


17.9 


18.0 


46.9 


24.1 


12.7 


8.2 


8.1 


47.0 


23.5 


12.8 


8.4 


8.3 


35.8 


22.7 


16.1 


13.1 


12.3 


41.3 


23.8 


14.8 


10.1 


10.0 


46.6 


25.7 


13.5 


8.1 


6.1 


39.2 


23.7 


14.4 


11.4 


11.3 


36.7 


22.3 


15.9 


12.7 


13.4 


29.4 


19.6 


16.3 


15.7 


18.9 


28.0 


20.2 


16.9 


15.2 


19.7 


46.4 


25.4 


13.6 


8.2 


6.4 


46.6 


24.8 


13.0 


8.1 


. 7.6 


44.3 


23.1 


13.5 


9.4 


9.7 


45.1 


24.5 


13.1 


8.9 


8.4 


49.7 


25.2 


12.4 


7.0 


5.7 


48.5 


24.5 


12.4 


7.6 


7.0 


46.6 


24.4 


13.0 


8.4 


7.6 


49.6 


23.8 


12.2 


7.4 


7.0 


45.2 


24.1 


13.7 


8.5 


8.5 


49.9 


24.6 


12.0 


7.0 


6.5 



(1) The combined acids of the esters in distilled liquors seem to be 
surprisingly constant in their composition, and their rate of distillation 
does not, therefore, offer as promising a means for detecting sophistication 
as is undoubtedly the case with the higher alcohols. 

(2) In the case of the acids obtained by oxidation of the higher alcohols 
of brandies, the greatest variations are shown by the values for the first 
and fifth fractions, their averages being for — 

• Per cent Per cent 

Authentic cognacs 47.0 7.7 

French brandies 40.5 9.9 

Pomace brandies 31.8 17.2 

The values of the fourth fraction are usually not much different from 
those of the fifth fraction, and the variations in the values of the second 
and third fractions are rather small. 
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(3) The rate of fractional distillation seems to offer a promising 
means of differentiating between cognacs, ordinary brandies, and pomace 
brandies, and generally between distilled liquors where difference in geo- 
graphical origin or mode of manufacture has affected the composition of 

the fusel oil complex. 

Tablb 4. 

Fractional distilUUion of etters—mueellaneouB liquars. 



1. 
2. 
3. 
4. 
6. 
6. 
7. 
8. 
9. 



F^rench brandy: 
No. ' 
No. 
No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 10. 

No. 11 

No. 12 

No. 13 

No. 14 

No. 15 

No. 16 

Authentic cognac: 

No. 1 

No. 2 

No. 3 

No. 4 

Pomace brandy: 

No.l 

No. 2 

No. 3 

Greek brandy: 

No. 1 

No. 2 

No. 3 

No. 4 

Rum (Jamaica) 

Rimi (French): 

No. 1 

No. 2 

Rum (Martinique).. 
Rum (St. Croix).... 
Riun (West Indies). 

Apricot liquor 

Batavia arrac 



rmm cmnr op acd nr bach imAcnoir 



18.3 
17.0 
21.2 
17.4 
16.7 
17.0 
18.1 
16.9 
16.6 
17.0 
18.8 
16.6 
17.6 
17.3 
17.3 
17.6 

21.0 
19.4 
20.3 
20.0 

19.4 
17.6 
10.0 

23.4 
18.2 
16.0 
16.6 
10.2 

20.4 

18.4 
19.6 
16.4 
16.7 
♦18.9 
15.9 



16.1 
16.2 
15.9 
17.8 
16.8 
17.0 
16.1 
16.0 
16.2 
16.3 
16.3 
16.4 
16.3 
16.5 
16.9 
16.5 

17.3 
16.4 
17.0 
17.7 

17.0 
16.7 
16.6 

16.7 
16.1 
16.0 
13.3 
17.3 

15.8 
16.7 
16.7 
16.4 
16.7 
16.8 
16.7 



18.0 
18.2 
17.1 
17.8 
18.3 
18.1 
18.0 
16.5 
18.2 
18.1 
18.0 
18.2 
17.2 
18.4 
18.5 



18.1 

17.3 
17.9 
18.0 
18.0 

17.6 
18.1 
18.6 

17.5 
18.4 
18.0 
19.4 
17.9 

17.3 
18.1 
18.1 
17.5 
18.5 
18.8 
18.2 



20.7 
21.0 
20.5 
20.4 
21.3 
21.3 
20.6 
21.4 
21.2 
20.7 
19.8 
21.1 
21.1 
20.8 
21.3 
21.2 

19.4 
20.2 
19.8 
19.3 

20.7 
21.1 
20.0 

18.5 
20.9 
20.9 
22.0 
20.3 

20.6 
21.1 
19.2 
21.2 
21.8 
20.4 
21.1 



27.0 
27.5 
25.2 
26.6 
26.9 
26.6 
27.2 
29.2 
27.8 
27.9 
27.1 
27.7 
27.8 
27.0 
26.0 
26.7 

25.0 
26.1 
24.9 
24.2 

25.3 
26.5 
25.8 

23.9 
26.4 
29.1 
28.7 
25.3 

25.9 
25,7 
26.4 
28.5 
27.3 
25.1 
28.1 



(4) In one case — ^that of French brandy (No. 17, Table 1) — ^which 
gave upon analysis rather high figures for fusel oil and esters, thus appar- 
ently indicating good quality, suspicion as to its genuineness was aroused 
by the fact that the fractional distillation of the acids from the fusel 
oil gave the following figures: 36.0, 23.4, 15.1, 12.1, 13.6, indicative of 
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pomace rather than of ordinary brandy. The sample was thereupon 
submitted to two expert tasters, both of whom agreed in pronoimcing 
the sample sophisticated. There are a niunber of brandies marked 
"French brandies" in Tables 1 and 2 whose fractional distillation curves 
are more or less similar to the curve mentioned above, and thus point 
the same way; that is, that they are not genuine brandies. 

(5) A comparative organoleptic test of the ''Authentic cognacs" seems 
to point to the fact that the finer the flavor and aroma of the cognac 
the higher the value of the first fraction in the fractional distillation. 

(6) To sum up: The results so far obtained warrant the belief that 
valuable information relative to the origin and character of distilled 
liquors can be gained by ascertaining the rate of distillation of the mixed 
acids obtained by oxidation of their higher alcohols. In order to estab- 
lish the value and limitations of the method, it will be necessary to work 
upon a sufficiently large number of samples from -various sources the 
history of which is well authenticated. 

APPLICATION OF THE PROCEDURE TO THE ANALYSIS OF A 
FLAVORING ESSENCE. 

Table 5 shows the rate of distillation of formic, acetic, propionic, 
butyric, and valeric acids and also of simple mixtures of some of these 
acids when distilled under conditions indicated above in the discussion 
of fusel oils in distilled liquors. 

The figures in the table are averages of two determinations in each 
case except in the case of formic acid, where an average was taken of four 
determinations. The separate determinations ordinarily check within 
0.5%, but formic acid behaves in a rather erratic manner, its figures 
varying sometimes as much as 2%. Colunm 6 of Table 5 gives the per- 
centage relation of the total acid in the total distillate of 100 cc. to the 
acid originally present in the distillation flask. 

It is obvious that use may be made of the fractional distillation for 
the following purposes: 

(1) Identification of any of the acids imder discussion when present 
in a state of purity. 

(2) Isolation of any of the acids in a pure state from a mixture of two 
and sometimes more acids for the purpose of identification. 

. (3) Testing for purity of any of the above acids. 

(4) Analysis of a simple mixture of two and sometimes even more of 

the acids. 

The above is the basis of M. Duclaux's method (as quoted in Allen's 

Commercial Organic Analysis) of identification and estimation of the lower 

acids of the acetic acid series.^ In this connection it is well to note that 

> See also article by A. Landolti Unterscheidung naturlicher und kunstlicher 
Fruchtather, in Cham. Ztg., 1911, 35: 677. 
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the composition of an acid mixture cannot always be computed from its 
fractional distillation curve with any satisfactory degree of accuracy, as 
the acids mutually affect each other during distillation. The curve of 
the mixture nevertheless gives an approximate idea of its composition, 
and two or three experiments are generally sufficient to make up a known 
mixture of the given acids that will yield upon fractional distillation a 
curve practically identical with the one from the unknown mixture. 
The total acid in both the known and unknown mixture should be ap- 
proximately the same in order that the results of their fractional dis- 

Tablb 5. 
Fractional dUHlUUian of acidn. 



ACID nr 

DamXATION 



FBX CBMT OP AGD IIT BACH FBACTIOir 



TOTAL ACD 

nt 

OOMBIXBD 
WttULMXM 



ec, N/VH 

8.6-17.7 

11.6-7.6 

6.4-12.8 

7.S-16.6 

11 

30 

21 

21 



68 



48 
49 



Formic acid 

Acetic acid , 

Propionic acid 

Butyric acid* , 

Valeric acid* 

2 molecules valeric plus 
1 molecule acetic 

2 molecules valeric plus 
1 molecule propionic. 

2 molecules valeric plus 
\ molecule acetic plus 
\ molecule formic 

1 molecule valeric (14.6 
cc.) plus 3 molecules 
acetic (43.6 cc.) 

1 molecule valeric (11.6 
cc.) phis 4 molecules 
acetic (46.4 cc.) 

1 molecule valeric (8 
cc.) plus 6 molecules 
acetic (40 cc.) 

1 molecule valeric (7 
cc.) plus 6 molecules 
acetic (42 cc.) 



11.6 
14.8 
24.6 
36.1 
64.6 

46.6 

44.7 

46.6 

28.2 

26.8 

24.4 

23.0 



13.9 
17.1 
22.6 
27.1 
27.2 

24.8 

26.9 

24.8 

20.6 

20.0 

19.4 

19.2 



17.2 
18.9 
20.7 
18.4 
12.2 

13.6 

16.0 

13.4 

16.8 

17.2 

17.4 

17.6 



22.0 
21.8 
17.8 
11.8 
4.3 

8.6 

8.8 

8.1 
16.1 
17.1 
17.7 
18.4 



35.3 
27.4 
14.4 
.6.6 
1.7 

7.6 

6.6 

7.1 

18.4 

19.9 

21.1 

21.8 



paromi 

42.8 
68.1 
92.1 
94.0 
97.0 

87.6 

96 

84 



^Of unoortain purity. 

'ObUined by ond*tion of amyl alcohol (Kahlbaum*!). 

tillation might be comparable, as the fractional distillation curve is some- 
what aflfected by the concentration of the acid to be distilled. The limits 
of permissible variation in the strength of the acid to be distilled withouj 
affecting the distillation curve have not been determined, though, as 
will be seen from Table 5, a 100% variation in the strength of an ap- 
proximately N/100 acid does not materially affect its distillation curve. 

A complete analysis of a flavoring essence — ^a so-called banana oil — 
has been made in this laboratory by a procedure based largely on the 
above-described facts and considerations involving the fractional dis- 
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tillation of acids and their mixtures. A detailed description of the pro- 
cedure followed will now be given as an illustration of the possibilities 
of the method. 

DESCRIPTION OF METHOD. 

About 6 grams of the banana oil was saponified with an excess of aqueous KOH by 
boiling under reflux condenser. The total alcohols in the saponification product 
were then distilled off and thus two solutions obtained: 

(1) The residue in the distillation flask containing the total combined acids from 
the esters, together with a small amount of acid originally free in the oil and which 
has been determined in a separate portion of the oil by direct titration; and 

(2) The alcoholic distillate containing the total alcohol, free and combined, of 
the original oil. 

The excess of alkali in solution (1) was titrated with sulphuric acid and the total 
combined and free acid in the oil thus estimated. The neutralized solution was then 
acidified and an aliquot fractionally distilled. The values obtained for the frac- 
tions were as follows: 22.7, 19.1, 17.7, 18.8, 21.7. Ratio of acid in total diptillate to 
acid in distillation flask, 72%. 

With a view of isolating the component acids of the mixture, fraction 1 and also 
the residue in the distillation flask were, upon proper dilution, again fractionally 
distilled. The latter (the residue in distillation flask) yielded values for the frac- 
tions practically identical with those of pure acetic acid. The first fraction, how- 
ever, yielded a curve indicating a mixture and not a simple acid. The first frac- 
tion in this, the second distillation, was again refractionated and the operation 
repeated until after the fifth fractional distillation of the first fractions values 
were obtained practically indentical with those of a pure valeric acid. Thus was 
the acid mixture in the saponification product proved to be a mixture of valeric 
and acetic acids. It was then established by direct experiment that a mixture of 
one molecule valerie and six molecules acetic acids would yield upon fractional 
distillation the following values: 23.0, 19.2, 17.6, 18.4, 21.8. Ratio of acids in 
total distillate to acid in distillation flask, 71.7%. 

The above values are practically identical with those obtained from the acid mix- 
ture in the saponification product of the banana oil. Thus was the composition of 
the total acid (free and combined) in the banana oil determined to be as follows: 

00. N/IO per gram 

Free acid (assumed to be acetic) 2.0 

Total combined acids (by saponification) 67.4 

Combined acetic acid (by fractional distillation) 67.5 

Combined valeric acid (by fractional distillation) 9.9 

An aliquot of the solution of the total acids was neutralized, evaporated off, 
dried, and weighed, and the weight agreed fairly well with the composition 
indicated above. 

The alcoholic distillate from the saponification product containing the total 
alcohol (free and combined as asters) of the banana oil was oxidized with alkaline 
permanganate to their corresponding acids .^ The resulting acids were distilled off, the 
total acidity of the distillate titrated, and the solution then examined for its com- 

^ee method of C. R. Smith and A. S. Mitchell, U. S. Bur. Chem. Bui. 122: 
"Determination of Fusel Oil by Alkaline Permanganate." 



Digitized by 



Google 



196 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEBHSTS [Vol. II, No. 4 

pon^it acids qualitatively and quantitatively by a system of fractional distillation, 
exactly in the same manner as outlined above for the combined and free acids in 
the oil. 

The acid mixture resulting from the oxidation of the total alcohols (free and 
combined) in the oil proved to be composed as follows: 

00. N/IO per gmm 

Valeric acid 55 

Acetic acid 30 

thus indicating that the total alcohols were composed as follows: 

oe. N/IO per grun 

Amyl alcohol 55 

Ethyl alcohol 30 

The above results were checked in the following manner: 

The original banana oil was saponified with alcoholic potash, all the alcohol in the 
saponification product distilled off, and the alcoholic distillate examined for higher 
alcohols in exactly the same manner as fusel oil is determined in brandy (Allan 
Marquart fusel-oil method). Titration of the final acid distillate gave 55 cc. N/IO 
acid per 1 gram oil, and the fractional distillation of the solution gave values for 
the fractions identical with those of pure valeric acid. 

Further examination of the banana oil gave the following data: 

Free ethyl alcohol was proved to be absent; the presence of amyl acetate, ethyl 
acetate, and amyl valeriate was indicated by the odor of various fractions obtained 
from a fractional distillation of the original banana oil; nonvolatile imsaponifiable 
matter, 1%. 

Simuning up the results obtained, we arrive at the following composition: 

CO. N/IO per gnun 

Free acid (as acetic) ' 2.0 

Combined acetic acid 57.5 

Combined valeric acid 9.9 

Combined ethyl alcohol 30.0 

Combined amyl alcohol 37 . 4 

Free amyl alcohol 17.6 

Nonvolatile unsaponi^able (per cent) 1 

and the rational formula may be expressed as follows: 

CO. N/IO per gnm per oent 

Free acid (as acetic) 2.0 1.2 

Amyl valeriate 9.9 17.0 

Ethyl acetate 30.0 26.4 

Amyl acetate 27.5 35.7 

Free amyl alcohol 17.6 15.5 

Nonvolatile imsaponifiable 1.0 

96.8 

No report was made by the associate referee on vinegar. 
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REPORT ON SPICES. 

By Habrt E. Sindall (Philadelphia, Pa.), Associate Referee. 

The work done this year falls under two headings — ^moisture determina- 
tions on whole spices and the total ash of herbs. 

MOISTURE. 

No recommendations were made by last year's associate referee for 
further work on spices, but it seemed desirable this year to study a method 
for determining moisture in whole spices. No samples were sent out, 
as the nature of the work rendered it unsuitable for cooperative investi- 
gation. The work was done on whole cloves and whole black pepper. 
The method imder consideration was the Brown-Duvel distillation metJiod 
for moisture in grain. But since unsatisfactory results were obtained 
by using Renown engine oil, or in fact any engine oil, the best grade kero- 
sene oil was substituted and foimd to give more uniform results. 

The method as worked by the associate referee is as follows: 

Place 50 grams of whole spice in a distilling flask with 150 cc. kerosene, whirl 
the flask several times to bring the oil in contact with each particle of spice. Place, 
the flask on an asbestos board. Cut so that the bottom of the flask extends below 
the surface. A wire gauze with an asbestos center is placed about one-half of an 
inch below the bottom of the flask. The object ia not to bring the flame in direct 
contact with the flask, and the asbestos board serves to keep the heat uniform. Con- 
nect the flask directly with a vertical condenser and collect the distillate in a gradu- 
ated cylinder or biu-ette. Insert a thermometer through the stopper of the dis- 
tilling flask, extending down into the oil. Adjust the flame so that about twenty 
minutes will be required to reach the temperature of 170°C. Now extinguish the 
flame, after which the thermometer will show a slight gradual increase in tempera- 
ture. As soon as the water stops dropping from the condenser tube, which usually 
requires from four to six minutes, the operation is complete. Multiply the volmne 
of the water layer by 2 to obtain the percentage of moisture. 

The following table shows results obtained by drying 2 grams of whole 
cloves and whole black pepper at 110° C. to constant weight; from the 
resulting loss in weight the amount of volatile ether extract obtained by 
extracting the whole spices was subtracted. 

The samples marked (a) were taken before the cloves went on the mill 
to be ground; the samples marked (b) represent the same cloves immedi- 
ately after grinding. The loss according to weight by grinding was 6.26%. 

Comparative restdta on moisture. 





BT XXTRACriON 


BT DZSmXATION 




BT BXTBACnON 




Whole cloves . . 


percent 

(a)13.94 
15.98 
11.24 
10.61 

(b) 6.11 


percent 

(a)11.2 

12.6 

9.8 

9.5 

(b) 6.0 


Ground cloves. 
Whole pepper. . 

Do 

Groimd pepper. 


per cent 

10.16 

6.02 

7.95 

7.87 


percent 


Do 

Do 

Do 

Ground cloves. 


6.0 
6.8 
8.0 
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This loss consists chiefly of moisture and some volatile oil, due to the 
fact that the cloves are more or less heated while passing through a high- 
sp>eedmill. 

The large percentage of moisture in the cloves as shown in the above 
table under extraction method seems due to the fact that all the volatile 
oil was not extracted by the ether, as shown in the following table: 

Volatile ether extract. 

Whole cloves 2.88 Ground cloves 15.74 

Do 2.89 Whole pepper 0.30 

Do 3.13 Do 0.63 

Do 3.31 Ground pepper 2.13 

Ground cloves 13.91 



TOTAL ASH DETERMINATION. 

The associate referee's attention was called to wide discrepancies in 
the results of total ash determinations obtained by different chemists 
on samples taken from the same lot of herbs. For the purpose of study- 
ing this matter, large samples of marjoram, sage, savory, and thsrme 
were ground under the associate referee's supervision, and subdivisions 
of these were sent to collaborators, with instructions to determine the 
total ash in each sample by the method commonly used by the resi)ective 
collaborators and describe the method used. Reports were recdved 
from eight collaborators: 

Total ash. 



ANALYST 


MABJOBAll 


BAOB 


■AVOBT 






p0r etrU 


V^remU 


peretnt 


IMromI 


P. L. Shannon, Lansing, Mich 


r fa) 14.34 
\(b)14.135 


(a) 9.266 

(b) 9.276 


(a)13.336 
(b)13.29 


(a)12.80 
(b)12.78 


C. L. Black, Philadelphia, Pa. . . . 


16.16 


9.45 


14.06 


13.14 


H. B. Mead, Philadelphia, Pa 


15.84 


9.76 


14.05 


13.42 


C. S. Brinton, Philadelphia, Pa. . 


f 15.21 
\ 16.10 


9.39 
9.43 


13.63 
13.72 


13.47 
13.21 


A. P. Coulture, Ottawa, Canada. . 


r 14.64 
I 14.61 


9.47 
9.60 


13.68 
13.66 


12.47 
12.69 


Paul Rudnick, Chicago, 111 


r 13.42 
13.44 


9.31 
11.21 


12.60 
12.68 


13.14 
12.48 


C. 0. Dodge, Washington, D. C. . 


14.05 


8.41 


12.41 


13.46 


J. H. Bornmann, Chicago, 111 


/ 14.08 
\ 14.48 


9.80 
9.82 


13.77 
13.85 


13.67 
13.43 



Mr. Dodge also determined nonvolatile matter and ash on a nonvolatile 
basis, with the following results: 



NOirTOLAnLB 
MATTBK 



ASH ON NOlf- 
▼OLATILB BASn 



Marjoram 

Sage 

Savory.... 
Thyme.... 



percent 

92.6 
93.0 
91.6 
92.9 



15.17 

9.05 

13.64 

14.48 
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METHODS OF COLLABORATORS. 

Mr. Shannon made the determinations in duplicate. Sample (a) in each case 
was ignited in an ordinary platinum milk dish; sample (b) in a fused silica dish 
of the same size. All were burned first over a Meker biu'ner at a very low red heat 
and then exposed to a low red heat in a muffle, cooled in a desiccator, and weighed. 

Mr. Black used 2'^am portions in platinum dishes which were held about one- 
fourth inch above bottom of muffle by means of asbestos board supported by small 
pieces of pipestem. The bottom of the muffle was kept at a barely visible red heat. 
After ashing was apparently complete, the residue was moistened with alcohol to 
reveal any imbumed carbon and then reheated if necessary imtil treatment showed 
no unbumed carbon. 

Mr. Mead used 2-gram samples in flat-bottom round dishes, dimensions about 
3 inches by 1 inch. These were elevated on pieces of pipestems about three-eighths 
inch above the bottom of the gas muffle heated to a visible red. The dishes were 
below visible red. The ash was moistened with alcohol and reheated. There was 
practically no carbon or change after the first heating. 

Mr. Brinton used 2-gram portions and made the combustion in small platinum 
dishes about 1 inch square and approximately three-eighths inch deep. At no time 
during any of the work were the dishes heated to a red heat. The determinations were 
made in a gas-heated muffle, the bottom of the muffle at times being more or less red; 
but the dishes were supi>orted on pieces of asbestos board about one-fourth inch or 
more above the bottom of the muffle. An air space, therefore, separated the asbestos 
board from the red-hot bottom of the muffle. The asbestos board was supported 
by pieces of crucible lid. 

Mr. Coulture used 2-gram samples, and charred them in platinum at a heat below 
redness. This temperature was found to be sufficient to completely bum off all 
the carbon. He did not use a muffle. After weighing, dish and contents were 
heated again slightly below red heat for a period of half an hour and the operation 
repeated to constant weight. After a time there was a slight increase in weight, 
and the minimum was taken as being the true weight of the ash. 

Mr. Rudnick used 2 grams in a small flat-bottom porcelain dish and ignited care- 
fully at a low temperature so as to avoid loss of sample. The. ignition was con- 
tinued at a low red heat and finally at a bright red for a few minutes, then cooled 
and weighed. The appearance of the ash after weighing was carefully noted to 
be sure that all carbon had been burned off, also to note whether particles of sand 
and foreign matter other than true ash were apparent. 

Mr. Dodge followed the method given in U. S. Bureau of Chemistry Bulletin 
107 (revised), except that the products were dried at 110'*C. for four hours and 
weighed, then dried for one hour and again weighed. The greatest loss during the 
second dr3dng was less than 1%. 

Mr. Bommann charred 2 grams of the well-mixed substance in a platiniun dish 
over asbestos, using a small flame. The carbon was burned off in a muffle at a tem- 
peratiu'e below redness. 

CONCLUSIONS. 

These results are not encouraging. While the samples submitted 
were known to contain several per cent of sand, it is not believed that the 
discrepancies can possibly be due entirely to this cause, but that they 
were attributable, in part at least, to the temperature employed in mak- 
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ing the combustion. It would seem, at all events, that the subject war- 
rants further investigation, particularly along the line of operating at 
definite temperatures. 

RECOMMENDATIONS. 

It is recommended — 

(1) That the associate referee's modification of the distillation method 
for water in spices be given further study. 

(2) That the subject of ash determination in herbs be further studied, 
with particular reference to the influence of the exact temperature em- 
ployed in the combustion. 

NOTE REGARDING THE DETERMINATION OF CRUDE FIBER IN 

BLACK PEPPER. 

Bt a. E. Paul (Bureau of Chemistry Food and Drug IiiBpection 
Laboratory, Chicago, III.). 

Two samples, one with a low fiber content and the other high in .this 
constituent, were sent to various laboratories in this district, with the 
request that analyses be made. The results follow: 

Analyses of black pepper. 
SAMPLE NO. L 



ANALTBT 


NON- 

▼OLATILB 

STHSB 
BXTBAGT 


VOE^ATILB 

BTHBB 
BXTBAGT 


TOTAL 
ABB 


ASH Of' 
BOLUBLB 

inHCI 


OBUDB 
nBBB 


PBMTO* 
BAim 


J. H. Bornmann, Chicago. . . 
E. H. Berry, Chicaso 


percent 

8.03 

8.27 


percent 

0.70 
0.83 


percent 

5.09 
5.41 


percent 

0.57 
0.61 


percent 

10.46 
•11.38 
11.09 
11.08 
11.99 
10.41 
11.26 


percent 


J. Feldbaum. Chicaso 


8.10 
8.19 
8.87 
8.69 


1.04 
0.55 


5.35 
5.24 
5.16 
4.62 


0.62 
0.51 
0.43 
0.34 




H, D. Grigsby, Cincinnati 

J. S. McCune, St. Louis 

C. L. Clay, New Orleans 


"*6!i" 

6.0 



SAMPLE NO. 2. 



J. H. Bornmann, Chicago. . . 
E. H. Berry, Chicago 


per cent 

7.20 
7.26 


percent 

1.03 
1.01 


percent 
6.48 
6.61 


percent 

0.95 
1.00 


percent 

16.60 
17.11 
16.60 
16.80 
17.41 
15.84 
17.23 


percent 


J. Feldbaum, Chicago 


7.15 
7.18 
7.82 
7.80 


1.18 
0.57 


6.48 
6.43 
6.37 

5.48 


0.92 
0.79 
0.76 
0.56 




H. D. Grigsby, Cincinnati 

J. S. McCui^e, St. Louis 

C. L. Clay, New Orleans 


"8. 40" 
7.90 



In view of the very great discrepancy in the various fiber determina- 
tions, a new 5-pound sample was taken by an analyst, carefully mixed, 
quartered to a small bulk, and transferred to a small sample bottle. 
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The remainder was again carefully mixed, and a small subsample with- 
drawn as before. Then still a third sample was taken in the same 
manner. The analyst was requested to make crude-fiber determinations 
in duplicate on each subdivision. 

The remainder of the pepper was then delivered to another analyst, 
who prepared three subsamples in the same manner as above. 

Both analysts were instructed to stir the material in the bottle very 
carefully with a spoon of approximately 2-grams capacity, to withdraw 
a spoonful from the interior of the bottle, and carefully transfer the 
entire contents to the balance pans. It was then left to the option of 
the anal3nBts to utilize the quantity thus taken for the fiber determina- 
tion, or else to remove carefully the slight excess over 2 grams, or add 
sufficient to make that amount. Of the two analysts, Mr. Berry pre- 
ferred the former detail, while Mr. Bommann chose to work on the exact 
2 grams. Their results were: 



E. H. Berry 

J. H. Bommann. 



BAMFLB 
NO. 1 



per cen t 

13.36 
13.15 
13.03 
13.25 



SAlfPLB 

NO. 2 



per cent 

12.98 
13.00 
13.15 
13.07 



SAUPLB 
NO. 3 



per cent 

13.46 
13.16 
13.25 
13.31 



These results are quite acceptable, and show that the trouble is not 
in the method itself, but rather in the manner of mixing and weighing 
out the samples. 

PRELIMINARY REPORT ON DETERMINATION OF ASH, 
ESPECIALLY IN SPICES. 

By Clement S. Brinton (Food and Drug Inspection Laboratory, U. S. 
Appraiser's Stores, Philadelphiai Pa.) 

The object of this paper is to emphasize the necessity of carefully fol- 
lowing the directions for the determination of ash as given in the Official 
and Provisional Methods of Analysis of this association (U. S. Bur. Chem. 
Bui. 107, rev.), particularly where, imder "Ash, official" for the analysis 
of foods and feeding stuffs, the following language is used : "* * * bum 
until free of carbon at the lowest possible heat" (p. 38). Again, imder 
"Preparation of ash," etc., (p. 238), it is directed to "Conduct the com- 
bustion at a comparatively low temperature, never emplojdng a full red 
heat * * *." Other similar directions could be cited. 

The desirability of preparing the material mentioned herein arose 
through trouble in obtaining closely agreeing results for ash by different 
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analysts during the examination of spices, especially those having nor- 
mally a high sand-free ash, such as marjoram with 11 to 16% of ash and 
thyme with from 10 to 14%. 

This lack of agreement was found to be due not to faulty sampling 
but to lack of uniformity in the analytical method. This was ascertained 
by having portions of a large sample of marjoram finely groimd, about 
60 mesh, thoroughly mixed, and analyzed in seven laboratories in the 
Eastern States according to the procedure usually employed in those 
laboratories. Determinations were made in platinum dishes in all cases 
except laboratory 6, where a porcelain crucible was used. Electric 
muffles were used in laboratories 1 and 4, and probably in laboratory 
5; gas muffles were used in laboratories 2, 3, and 7; and laboratory 6 
burned in open flame. The results submitted are given in Table 1. 

Table I. 
Ash determinations on marjoram— first report by eoUaboratora, 



LABORA- 
TORY 



W. C.T.... 



W. J. McG. 



J. B. L.... 
J. E 



F. O.W.... 



L. P. 



H. E. S.. 

C. L. B.. 
H. B. M. 



TOTAL ABB 



p:r cent 

16.21 
15.24 

15.16 
15.18 

13.47 
13.45 



15.14 
14.90 



15.11 
15.13 
15.11 
15.09 

15.40 
15.30 



13.24 
13.35 



15.68 
15.70 

16.11 
16.16 
16.03 
15.69 



'Muffle below redness; time of burning, 1 
hour. Not observea carefully to ascer- 
tain when free of carbon. 

Time of burning, 4 hours additional; other- 
wise same as above. 

1 Muffle high red; time of burning not stated. 
J Heated to constant weight. 

I Muffle low cherr^r red; time of burning not 
stated. Ash stirred with rod from time to 
time until carbon burned. Analyst J. E. 
heated longer and found no loss in weight. 

1 Muffle below redness; time of burning not 
stated. Moistened with water to observe 
presence of carbon; again heated and 
weighed when free of carbon. 

Muffle below redness; time of burning not 
stated. Moistened with water after weigh- 
ing and found free of carbon. 

[Open flame with crucible bright red; time 
of burning, 40 minutes. Ash determined 
[ as he usually does in spices. 

Dish not visibly red; time of burning not 
stated. Ash treated with water after 
weighing to test for carbon. 

] Bottom of muffle below visible red heat; time 
[ of burning not stated. Moistened and re- 
I heated before weighing; weighed after free 
J of carbon. 
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The writer obtained results ranging from a maximum of 16.8% down to 
a minimum of 14.89%, according to conditions, all results being obtained 
when the dish was not at a visible red heat as viewed in the open muffle 
by daylight. All determinations were made in platinum dishes about 
1 inch square, one-half inch deep, in a 5-bumer gas Wiesnegg muffle. 
The results are given in Table 2. 

Table 2. 
Ash determinations on marjoram — resvlts by author. 



DATB 


TOTAL ABH 


KBMARKS 


(1W5) 


DJ0hl 


DishS 






ptreent 


ptTctnt 




May 24 


15.43 
15.01 


15.46 
14.89 


Time of burning, If hours in all. Dishes on 
bottom of muffle entire time. Heated 
li hours below visible red heat, then 
raised to dull red for one-fourth hour. 

Muffle just visible red on bottom; time of 
burmns, 35 minutes. Dishes on bot- 
tom of muffle entire time and carbon- 
free when moistened with alcohol. 


May 25 


15.37 


15.75 


Not a visible red: time of burning, 35 min- 
utes. Both dishes about one-fourth inch 
above bottom of muffle on crucible lids. 
Muffle open. Dish with high result in 
front of other. 


May 26 


15.74 


15.86 


Not a visible red; time of burning, about 
2\ hours. These results from same con- 
ditions as above except muffle not so hot. 
After IJ hours tested but not carbon-free. 
After weighing and getting these results 
found carbon free. 


June 3 


15.06 


15.39 


Bottom dull red in spots; time of burning, 

about 2 hours. One dish in front of other ; 

otherwise same as second set Ma^ 24. 

Dishes raised off bottom and not a visible 

red. 
Bottom dull red in spots; time of burning. 

only 35 minutes in all. Carbon all 

burned out. One dish in front of other. 

Dishes raised off bottom. 




15.20 


15.48 


Junes 


15.18 


15.10 


Bottom dull red in spots; time of burning, 
only 37 minutes in all. Carbon all biimed 
out. . Dishes side by side and supported 
one-fourth inch above bottom on asbestos 
board . Neither asbestos board nor dishes 
a visible red. Hot air could circulate 
under and over asbestos and dishes. 


June 9 


15.70 


15.65 


Time of burning, about 6 hours. Condi- 
tions same as on June 8, but lower tem- 
perature used. Both ashes moistened 
after weighing and free of carbon. Dishes 
side by side. 
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Table 2.— Continued. 





TOTAL ASH 




DATS 






lT*f*BTW 


(1915) 










Diah 1 


Diah 3 






p«r etnt 


per etnt 




June 9 


23.35 


23.87 


Muffle slightly red in spots ; time of burning, 
17 minutes. Much carbon present. Con- 
ditions same as preceding. 

Muffle slightly red in spots; time of bum- 
ing^O minutes long. Carbon still present 
m Doin. 




16.18 


16.20 










15. 8S 


15.68 


Dishes not visible red ; time of burning, addi- 
tional 10 minutes. Traces of carbon in 














both; most in higher result. 




>16.37 


46.10 


Dishes not visible red. Both moistened, 
evaporated to dryness, heated in muffle 
below redness before weighing. 










16.15 


15.03 


Dishes not visible red. Same as preceding 

after one-half hour longer in muffle. 
Dishes not visible red. Same as preceding 




15.75 


15.65 








after 1 hour longer in muffle ; temperature 








slightly higher. 



> Note the effeet of moisteninc with water and eabeequent lone heatiDf requirMl to drire off this water 
and brine iwult down to that obtained before moietening. 

The results reported on May 26 agreed closely with those obtained 
by Analyst C. L. B., but are slightly below those reported by Analyst 
H. B. M. Further attempts to duplicate the latter's results were in vain, 
as shown by work subsequent to May 26. This later work brought 
out very emphatically the fact that this sample of marjoram contained 
mineral matter very susceptible to slight changes in temperature, length 
of time of burning, etc., and that without exact duplication of tempera- 
ture and other conditions closely agreeing results at different times could 
not be determined. See various results in Table 2 on June 3, June 8, 
June 9, and June 10, where determinations in duplicate in every particu- 
lar, except that one dish was in front of the other and in slightly cooler 
part of muffle, show variations of 0.3%, and yet both are free of carbon. 

It was foimd that only when the two dishes were placed side by side 
could close dupUcates be obtained, as shown by results of June 8 and June 
9, each set of which agrees closely; but there is a marked difference of 
about 0.5% because of different temperatures, the dishes in neither set 
being a visible red, although the bottom of muffle was dull red in spots. 
The second set of results on Jirne 9 were made at a low temperature 
and weighed at short intervals to determine if some easily volatile min- 
eral matter was present which was completely volatilized about the time 
the carbon was completely burned. The tabulated results show that 
lower results were obtained than reported by Analyst H. B. M., yet some 
carbon was still present. Just at this point, the writer learned that Anal3rst 
H. B. M. had moistened his ash before weighing to uncover unbumed car- 
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bon, then added enough alcohol to make a mixture which would bum, 
ignited the alcohol and burned it off, and replaced the dish in muffle for 
a short time, then cooled and weighed as usual. Because of this anal3rst 
obtaining higher results than anyone else and higher than the writer could 
obtain in any other way, the last set in Table 2 when about free of carbon 
were moistened, treated with alcohol, etc., about the same as did Anal3rst 
H. B. M., and it was found that his high results as originally reported 
could be duplicated, but in no other way; therefore, the conclusion was 
made that the water treatment before weighing explained his higher 
results. Later work by the author confirms this conclusion (see Table 4). 
The work reported in Table 2 convinced the author that for marjoram 
especially, and probably in other substances high in ash, an accurate 
determination of the ash required that more care be given to the con- 
trol of the temperature than is usually given, and it was thought that 
higher results would be reported by the various analysts if their attention 
was called to this point. Consequently, the following method was sent 
to the previous collaborators: 

Take 2 grains of the well-mixed sample in a platinum dish and bum at lotoest 
possible temperature, below a visible red heat, until free from carbon when examined 
by the eye; cool, and weigh as usual. Now moisten ash with 05% alcohol, and ex- 
amine for small specks of carbon. If specks of carbon are found, ignite alcohol, 
allow to burn off, and then return dish to muffle and allow to heat a little longer 
at same temperature. Cool and weigh again, repeating this operation until all 
carbon is burned off. 

All results obtained were requested, also an opinion as to the true 
value for ash in the sample of marjoram sent out, the various results 
previously submitted by all of them being sent also so they would see 
the reason for further work. The second set of results are given in Table 3. 





Ash determinations 


Table 3. 
on marjoram—second report by collaborators. 


LABOBA- 


▲XALTVr 


TOTAL ABB 


BKMABKS 


TOBT 


Dishl 


Dish 3 




1 


H.R.8.>.... 


per cent 
15.47 

15.56 


per emi 


Time of burning not given . Two grams in flat- 
bottom platinum dish, center cold electric 
muffle; rheostat set for temperature below 
red heat and burned till free of carbon. 

Same as above, except that when entirely 
charred dish was withdrawn. Ash covered 
with alcohol, ignited, and again heated 
in muffle below red heat. After 2 treatments 
with alcohol carbon-free. 



1 Qeneral oomment by analjrst; "It is evident that prolonced heating at even very low temperature 
doea cause a loss of inorsanio matter by volatilisation. Also the naoet praotaoal and reliable method for 
determining ash in organic products is that outlinad in method 3 above. 
^ NoTB.~No report was received from laboratories 6 and 7. 
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Table Z.— Continued. 



LABOBA- 
TOBT 



Dishl Diaha 



H. R. 8. 



W.J.McG.. 



J. F.D.. 



F. O. W. 



L.P. 



perotnt 

16.00 



15.04 



15.10 
15.18 
15.24 
14.96 



16.16 
15.74 
15.63 
15.37 
15.36 



15.03 
15.06 
14.95 



15.66 



14.91 



14.69 



per cent 



16.46 
15.87 
15.77 
15.76 
15.77 



15.65 



Same as above at start. When charred, re- 
moved, cooled, and all soluble ash leached 
out with hot water and filtered in usual 
manner. Filter and char burned in dish 
below red heat. Solution of soluble ash 
added, evaporated to dr3mess on steam bath, 
and finally heated at low temperature and 
weighed. 

Same as above at start. Rheostat set for 
lowest possible temperature; allowed to 
heat all night (16 hours). 

Time of burning not ffiven. Heated in gas 
muffle just below red heat till. carbon had 
disappeared, and after one alcohol treat- 
ment. After heating at red heat for 30 
minutes, obtained 13.03%, 13.06%, and a 
further drop to 12.46%, 12.54% after 30 
minutes more at red neat. 

Visible carbon present. 
Do. 
Do. 

Visible carbon absent. 

Total time of burning, 9 hours. Constant 
weight. 

Six treatments with alcohol were required. 
Muffle at all times below visible red heat. 
These results are about 0.5% higher than 
previously Teported from this laboratory, 
out anal3rBt does not consider increase in 
accuracy justifies increase of time. 

Time of burning not given. "The heating 
was done very slowly at a low temperature 
with proper precautions until no specks of 
carbon were left." 

Time of burning not given. Burned in elec- 
tric muffle at lowest temperature possible. 
When carbon seemed ail gone, weighed, 
then moistened with alcohol and found 
carbon-free. Temperature is slightly lower 
than used for first results. 

Time of burning not given. Obtained at 
higher temperature than above, but still a 
temperature which shows no redness in 
muffle or in dish. 

Time of burning not given. Obtained on 
another determination by^ higher heat than 
preceding. Analyst considers last two re- 
sults worthless. 



CammenU on Table S by author: All laboratories submitting reports obtained 
higher results by using lower temperatures, etc., than first reported, with the single 
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exception of laboratory 4. Further, these higher results, with two exceptions, agree 
very well with those obtained in laboratory 7, and those of the author as given in 
Table 2. The results of Analyst H. R. S., where he used water to moisten ash, 
confirm those of Analyst H. B. M. and the author, where water was added- The 
tenacious combination of this water is remarkable since, as shown by the author in 
Table 2, about 1} hours' heating at approximately 400*C. was required to drive it 
off and bring the ash down to the same value as before its addition. 

The author, about this time, suggested similar work to the associate 
referee on spices. He has akeady submitted his results. 

Table 4. 
Ash detenninations on marjoram and stramonium with temperature control. 

MARJORAM. 



DATB flOlQ 



ySMARKB 



Oct. 8 . 



Oct. 12 . . 



15.60 



15.90 
15.26 



(0 



400 
(•) 



P) 



per emU 

15.94 



1 35 



10.20 
15.43 



1 51 



•C. 
400 



400 
400 



per cent 
0.25 



0.30 
0.18 



MufSe entirely 
closed except 1- 
inch hole in front 
and three-eighths 
inch hole in back. 
Do. 

Quartz dish. Muffle 
wide open. An in- 
crease of about 0.2 
Vo after almost 2 
LOUTS heating. 









STRAMONIUM 






p«r cent 


•c. 


k. tn. 


p«r eetU 


h, m. 


•c. 


per emt 


18.21 


400-440 


4 30 


18.45 


1 50 


400 


0.24 


18.27 


400-440 


4 30 


18.37 


1 50 


400 


0.10 



Oct. 26. 



1 Not noted. 

* 440^. durinc eombiutioo of carbon, then constant at 400*C. 

The data given in Table 4 show results obtained where a pyrometer 
was used in the open gas muffle. The majority of these results are not 
satisfactory because of difficulties in maintaining a constant tempera- 
ture in the muffle. The temperature and results reported are only ap- 
proximate, but show very plainly that where an accurate result is desired 
on a substance like marjoram, great care must be observed to have exactly 
identical conditions, or considerable variations must be expected. The 
effect of moistening the ash is again plainly brought out in this table. 

The drug stramonimn has also a high ash, and some little work has 
been done on one sample (see Table 4). 
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This paper is a preliminary one intended to emphasize certain phases 
of the determination of ash in spices, especially the necessity of using 
a low temperature, below redness at lowest possible temperature, as specified 
in the Official and Provisional Methods of Anal3rsis (p. 162) previously 
cited. The writer expects to present more data later, together witJi 
conclusions as to the composition of the mineral matter which vola- 
tilizes so easily at or below redness. Evidence will also be presented to 
show that with products like marjoram, thyme, etc., it is better to deter- 
mine ash in an open muffle, allowing plenty of circulation of air, instead 
of in a closed muffle, where, owing to an absence of oxygen, a longer time 
is required to bum the carbon. 

CONCLUSIONS. 

(1) The mineral matter in marjoram, thyme, and other plant products 
having a high ash is easily volatile to a very marked degree at a tempera- 
ture just below redness. 

(2) Great care is necessary by analysts in ashing these products. Tem- 
peratures below visible redness must be used or erroneous and low re- 
sults will be obtained. 

(3) After moistening the ash with water the weight before moisten- 
ing is not regained at the temperature of combustion, even after a reheat- 
ing of over one hour. 

(4) Further work on this subject is necessary so that the offlcial meth- 
ods will plainly caution analysts against the troubles mentioned above 

The committee for the suggestion of changes in the constitution and 
by-laws, previously authorized by the association, was announced as 
follows: B. B. Ross, chairman; C. L. Alsberg, and H. D. Haskins. 

REPORT ON FLAVORING EXTRACTS. 

By a. E. Paul (Bureau of Chemistry Food and Drug Inspection 
Laboratory, Chicago, 111.), AssodcUe Referee.^ 

Three methods were studied last year by collaborators on flavoring 
extracts: 

(1) The saponification method for wintergreen extract, devised by 
Hortvet and West. 

(2) The brine method for anise and nutmeg extracts, as described 
by Hortvet and West. 

(3) The Howard-Mitchell method, slightly modified, for peppermint, 
spearmint, and wintergreen extracts. 

* Presented by E. K. Nelson. 
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In each case the method was recommended for further study by the 
association. Inasmuch as the results reported last year appeared to 
be quite satisfactory, these three methods only were submitted this year, 
in the hope that the results obtained would be such as to warrant their 
final adoption as provisional in this meeting. 

Of each extract two samples were submitted, one of full standard 
strength, as directed in U. S. Bureau of Chemistry Circular 19, and 
the other one-fourth that strength. The nutmeg extracts, therefore, 
contained 2.0% and 0.5% of oil, while all the others contained 3.0% 
and 0.75%. All were made with 95% alcohol, which gives the test of 
the methods the maximum of severity. In the case of the weaker 
extracts this was perhaps more severe than necessary, since the lower 
grades of extracts are usually made with more or less dilute alcohol. 



SAPONIFICATION METHOD FOR WINTERGREEN EXTRACT. 

In connection with the saponification method for wintergreen extract, 
Mr. C. B. Gnadinger suggested titrating instead of weighing the sepa- 
rated saUcylic acid. Details for this operation were added to the method 
as previously studied, and collaborators were requested to express an opin- 
ion as to their preference. It seems that the same idea had occurred to 
other operators, and that essentially the same details have already been 
in use in other laboratories. The results reported and the conunents 
submitted follow: 

Analyses of wintergreen extract. 



OOLLABORATOBS 



C. O. Dodge 

C. B. Gnadinger 

C. F. Jablonski 

H. L. Lourie 

J. P. Street 

C. F. Sutton 

A. R. Todd 

P. B. Yost 

Averages | 



OIL 




OIL FOUND 




PBB9- 










■NT 


Gravimetrio 


Volumetrio 


per emt 


P^ 


cent 


per 


cent 


0.76 


0.78 




0.73 




3.00 


3.01 




2.90 




0.75 


0.76 


0.76 


0.75 


0.76 


3.00 


2.99 


2.98 


2.94 


2.94 


0.75 


0.74 


0.74 


0.73 


0.73 


3.00 


2.96 


2.97 


2.93 


2.94 


0.75 






0.79 
2.98 


0.77 


3.00 


::::::::::: 


2.98 


0.75 


0.80 
3.01 
0.76 


0.74 
2.97 
0.74 




3.00 




0.75 


0.76 


0.74 


3.00 


2.99 


2.99 


2.98 


2.98 


0.75 


0.90 




0.80 




3.00 


3.06 




2.97 




0.75 


0.77 


0.80 


0.78 




3.00 


3.02 


3.05 


3.06 




0.75 


0.77 




0.76 




3.00 


3.00 




2.96 
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COMMENTS BT COLLABORATORS. 

C, B, Onadinger: Method very satisfactory. Little choice between gravimetrio 
and volumetric modifications. I prefer the latter because it is slightly shorter. 

Cha8, F. Jablanski: Suggest combining the two methods by titrating the weighed 
residue. 

C, E, Morrison (/. P, Street): The salicylic acid was determined gravimetrically, 
which method is preferred in this laboratory. 

Clarence F. Sutton: Titrated the weighed salicylic acid. 

A. R. Todd: The method appears to be very satisfactory. It seems to me that 
the amount of water used in transferring the solution to a separatory funnel could 
be cut down to 15 cc. 

P. B. Yost: I prefer the original method of weighing, as I find end point in the 
titration to be rather indefinite. 

Analyees of anise and nutmeg extracts. 



OU 
pressnt 



Oil found 



Oil 
proMot 



Oilfoond 



E. H. Berry | 

C.L. Black 

E. Bloomberg 

Jacob Feidbaum 

C. B. Onadinger 

E. J. Munch 

L. Patton 

E. W. Thornton 

G. W. Trainor 

Averages | 



per otiU 

0.75 
3.00 
0.75 
3.00 
0.75 
3.00 
0.76 
3.00 
0.76 
3.00 
0.75 
3.00 
0.75 
3.00 
0.76 
3.00 
0.75 
3.00 



pv etni 



0.8 
3.2 
0.75 
3.1 

3.4 
0.8 
3.0 
0.7 
3.0 
1.0 
3.2 

0) 
3.4 
0.9 
3.2 
1.0 
3.2 



0.8 
3.2 
0.8 
3.1 

(0 
3.4 
0.8 
3.2 
0.7 
2.9 



3.4 



1.0 
3.0 



per etrU 
0.5 
2.0 
0.5 
2.0 
0.5 
2.0 
0.5 
2.0 
0.5 
2.0 
0.5 
2.0 
0.5 
2.0 
0.5 
2.0 
0.5 
2.0 



0.5 
2.0 
0.6 
2.0 
(0 
2.0 
0.6 
1.8 
0.5 
1.9 
0.8 
2.2 

(0 
2.0 
0.2 
2.0 
0.8 
2.2 



0.5 
2.0 
0.6 
2.0 

W 

2.0 
0.5 
2.0 
0.4 
1.9 



i}) 
2.0 



0.8 
2.1 



0.76 
3.00 



0.83 
3.2 



0.6 
2.0 



0.56 
2.01 



A Am comments. 



COMMENTS BT COLLABORATORS. 



C. L. Black: I found it necessary to use C. P. NaCl, and that even nicer oil layers 
are obtained by using half saturated sodium sulphate solution. 

L. Patton and E. Bloomberg: Stated that the oily layer formed in the case of the 
dilute extracts did not cover the brine, and that, therefore, an exact reading was 
not possible; that, however, the amount of oil present is more than a mere trace. 

C. B. Onadinger: Without being advised as to the amount of oil actually present, 
the results appear to be excellent. If they are reasonably correct, I believe the 
method should be made official. 

E. W. Thomlon: The separation in each case was satisfactory without centrifuging 
a third time. 
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Ancdyses of spearmint, peppennint, and mntergreen exiracU, 



OOLLABOmATOBS 



E. H. Berry 

R. D. Cook 

C. B. Gnadinger 

J. S. McCune 

E. J. Munch 

K. J. Osterhout 

G. W. Trainor 

Averages | 



OIL 
PBBS- 



0.76 
3.00 
0.75 
3.00 
0.75 
3.00 
0.76 
3.00 
0.76 
3.00 
0.75 
3.00 
0.76 
3.00 



0.76 
3.00 



Spearmint Peppermint Winteircreen 



0.8 
3.0 
0.9 
3.0 
0.7 
2.8 
0.7 
3.0 



0.8 
2.0 
0.8 
3.0 
0.8 



0.9 
2.8 



3.0 



0.8 
2.9 



0.8 
3.0 
0.9 
3.1 
0.8 
3.0 
0.8 
3.0 
0.6 
3.0 
0.8 
3.0 
0.9 
3.0 



0.8 
2.9 
0.8 
3.0 
0.6 
3.0 
0.8 
3.0 
0.9 
3.0 



0.8 
3.0 



0.8 
3.1 
0.8 
2.7 
0.8 
3.0 
0.7 
3.0 
0.8 
3.0 
0.8 
3.0 
0.9 
2.9 



0.8 
3.0 
0.7 
2.8 
0.8 
3.0 
0.8 
3.0 
0.9 
2.9 



0.8 
2.9 



COMMENTS BY COLLABORATORS. 

E, H. Berry: This method worked very satisfactorily, as it did last year. It 
certainly should be made official. 

C, B. Onadinger: 1 think the method is an excellent one, and should be made 
official. 

K, J, OsterhaiU: Thinks that there may be some volatilisation of oil in the case 
of spearmint. 

CONCLUSIONS. 

The results throughout are quite satisfactory. The saponification 
method for wintergreen yielded results which are truly remarkable in 
accuracy and in concordance. As to the details for determining the 
amoimt of salicylic acid separated^ there seems to be very little choice 
between the gravimetric and volumetric procedure. The gravimetric 
results appear to be a little closer, and it would seem preferable to retain 
the method in its original form. 

In the brine method for anise and nutmegs, the results for the standard 
extracts are excellent. Even for the dilute preparations, the reports 
are very satisfactory. 

The carbon bisulphid method for peppermint, spearmint, and winter- 
green yielded most satisfactory results. 

Referring particularly to wintergreen extract, it would seem desirable 
to adopt both the saponification method and the bisulphid method, 
for the reason that the former gives the percentage of actual methyl 
saKcylate present, while the latter gives the percentage of oil. The 
presence of a foreign oil, therefore, will become apparent if both methods 
are used. It is suggested, however, that the saponification method be 
described as a method for methyl salicylate. 
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RECOMMENDATIONS. 

In view of the above results, supplementing and corroborating the 
outcome of last year's study on flavoring extracts, the following recom- 
mendations are respectfully submitted: 

(1) That the saponification method of Hortvet and West for methyl 
salicylate in wintergreen extract, as described in the Journal of Indus- 
trial and Engineering Chemistry, 1909, No. 1, and slightly modified in 
U. S. Bureau of Chemistry Bulletin 152, page 141, by the then associate 
referee, R. S. Hiltner, be adopted as provisional. The method follows: 

Mix 10 cc. extract in a 100 cc. beaker with 10 cc. of potassium hydroxid solu- 
tion (10%). Heat on a boiling water bath until volume is reduced about one-half. 
Add a distinct excess of dilute hydrochloric acid, cool, and extract with three por- 
tions of ether, 40 cc, 30 cc, and 20 cc, respectively. Filter the combined ether ex- 
tracts through a dry filter into a weighed dish, wash with 10 cc. ether, and evaporate 
spontaneously. Dry over calcium chloride in a desiccator and weigh. The weight 
of salicylic acid thus obtained multiplied by 0.33 gives the percentage of oil of winter- 
green by volume. 

(2) That the following method, devised by Hortvet and West, and 
described in the Journal of Industrial and Elngineering Chemistry, vol- 
ume 1, No. 1, be made provisional for anise and nutmeg extracts: 

To 10 cc. extract in a Babcock milk flask add 1 cc. of hydrochloric acid (1 : 1), 
then sufficient half-saturated salt solution previously heated to 60°C. to fill the 
flask nearly to the neck. Cork and let stand in water at OO^'C. for about 15 minutes, 
occasionally giving the flask a twisting motion, and centrifuge for 10 minutes at 
about 800 revolutions per minute. Add brine till the oil rises into the neck of the 
bottle, and again centrifuge for ten minutes. If the separation is not satisfactory, 
or the liquid is not clear, cool to about 10*^0. and centrifuge for an additional ten 
minutes. Multiply the reading by 2 to obtain the percentage of oil by volume. 

(3) That the following slight modification of the Howard-Mitchell 
method, which has been studied during the last two years, be now pro- 
visionally adopted for peppermint and spearmint extracts and for the 
determination of oil in wintergreen extract. The method follows: 

Pipette 10 cc of the extract into a Babcock milk bottle, add 1 cc. of carbon disul- 
phid, mix thoroughly, then add 25 cc. of cold water and 1 cc. concentrated hy- 
drochloric acid. Close the mouth of the bottle with the thiunb and shake vigor- 
ously, whirl the bottle in a centrifuge for six minutes, and remove all but 3 or 4 cc. 
of the supernatant liquid, which should be practically clear, by means of a glass 
tube of small bore, and aspiration. 

. Connect the stem of the bottle with a filter pump, immerse the bottle in water 
kept at approximately TC'C. for three minutes, removing from the bath every 15 
seconds and shaking vigorously. Continue in the same manner for 45 seconds, us- 
ing a boiling water bath. Remove from the bath and shake while cooling. 

Disconnnect from the suction and fill the bottle to the neck with saturated salt 
solution at room temperature, centrifuge for two minutes, and read the volume of 
the separated oil from the top of the meniscus. Multiply the reading by 2 to ob- 
tain the percentage of oil by volume. 
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In the case of wintergreen, use as floating medium a mixture of 1 voliune of con- 
centrated sulphuric acid and 3 volumes of saturated sodium solution. 

Since submitting the above report on flavoring extracts, two further 
collaborators submitted their reports. The first was by A. G. Wood- 
man, of Boston, whose results by the methods submitted are simi- 
lar to those obtained by the other collaborators, but he makes a very 
interesting statement regarding a nephelometric method which he has 
tried on very dilute extracts, and he reported his results on the dilute 
samples of anise and nutmeg submitted. His results were: 





OIL PBSSKNT 


OIL FOUND 


Anise 


per eerU 

0.75 
>0.50 


per eerU 
1.00 


Nutmeg 


0.50 







While Mr. Woodman's details were not available, a few simple tests 
were made along the line suggested, and it is believed that the idea is 
promising and that when Mr. Woodman's paper is available it may be 
desirable to study the method for use on very dilute preparations. 

The second paper received was by C. O. Dodge, of the Bureau of 
Chemistry in Washington. His results on the wintergreen extracts by 
the saponification method, slightly modified by himself, are highly ac- 
curate and are as follows: 





on. PBS8HNT 


OIL FOUND 


Wintergreen extracts: 

No. 1 


per cent 

0.75 
3.00 


per cent 

0.75 


No. 2 


2.99 







Mr. Dodge suggests that the details submitted may be improved by 
keeping down the bulk of the solution to be extracted and using a smaller 
amount of ether. However, the details suggested by him involve four 
extractions with a total of 60 cc. of the solvent, while the original method 
requires only three extractions with a total of 90 cc. of ether. Inasmuch 
as the results obtained by the coUabqrators were very satisfactory, there 
is doubt that the changes are necessary. 

Mr. Dodge raises the further point that oil of wintergreen may contain 
only 98% methyl salicylate, and suggests that the calculation of the 
result should be based on this figure. It seems, however, that this ob- 
jection is overcome by the recommendation that this determination be 
considered a determination of methyl salicylate rather than a determi- 
nation of oil. 
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REPORT ON BAKING POWDERS. 

By H. E. Patten (Bureau of Chemistry, Washington, D. C), 
Associate Referee. 

Tests of three gravimetric methods for the determination of lead in 
phosphate baking powders were made. Five analysts cooperated. The 
methods studied were the Seeker-Clayton, Remington modification of 
the Seeker-Clayton, and Exner methods. Directions for these methods 
were sent out as follows: 

DESCRIPTION OF METHODS. 
SEEKER-CLAYTON METHOD. 

Place 20 grams of the baking powder in a large beaker and add about 25 cc. of 
water in small portions at a time to avoid excessive frothing. Add 20 cc. of concen- 
trated hydrochloric acid, a little at a time for the same reason, and digest on a 
steam bath until the solution is perfectly clear and limpid or until a drop of the 
solution gives no reaction for starch with iodin and potassium iodid solution. Add 
sufficient solution of anmionium citrate^ (lead-free) to correspond to 20 grams of 
citric acid and render slightly alkaline to litmus with ammonia, density 0.05. The 
latter is added a little at a time, with care to keep the solution cool, to avoid pre- 
cipitation of calcium salts. Dilute to about 400-450 cc, add 10 cc. of 10% hydro- 
chloric acid, cool to room temperature, saturate with hydrogen sulphid, and allow 
to stand overnight. 

Filter through a moistened filter, using suction if necessary, and wash the precipi- 
tate' with hydrogen sulphid water and finally with a little water. Dissolve the pre- 
cipitate by passing through the filter three 5 cc. portions of boiling 10% hydrochloric 
acid followed by three 5 cc. portions of boiling 25% nitric acid, and collect the 
filtrate in a 100-150 cc. beaker. Finally wash the filter with a little hot water, add 
2 cc. of concentrated sulphuric acid to the filtrate and washings, and evaporate on 
a hot plate until fiunes of sulphuric acid are copiously evolved. The solution should 
now be practically colorless, but if not so add a little nitric acid and again evapo- 
rate until fumes appear. Cool, add 10 cc. of water and 20 cc. of alcohol, and allow 
to stand overnight. Filter through a Gooch on asbestos and wash with alcohol. 

^ Ammonium citrate solution. — ^This reagent may be prepared by dissolving 100 
grams of citric acid in 100 cc. of hot water, cooling, adding a little at a time suffi- 
cient ammonia to leave a slight excess, again cooling, and then saturating with 
hvdrogen sulphid. Allow to stand overnight, or until the sulphids have settled out. 
filter, boil the filtrate to expel excess of hydrogen sulphid and ammonia, cool, and 
make up to 200 cc. Lead-free citric acid may be used instead of this solution, but 
it has tne disadvantage of causing a considerable evolution of heat in the subse- 
quent neutralization with anmioma, resulting in a precipitate of calcium citrate. 

' In some cases^ especially when a very laree amount of calcium phosphate is pre- 
sent, a white precipitate of calcium citrate will settle out ou standing overnight. In 
such a case, decant the supernatant liquid through a filter and dissolve the precipi- 
tate in a small amount of dilute hydrochloric acid, add an excess of ammoniunx 
citrate, cool, render slightly alkaline with ammonia, cool, saturate with hydrogen 
sulphid, and allow to stand from 6 to 12 hours. Theprecipitated sulphids are then 
filtered off and treated as in the regular method. (Tne material regaining on the 
filter from the liquid first decanted has in the meantime been washed with hydro- 

gen sulphid water and dissolved in hot hydrochloric and nitric acid, the solution 
eing finally combined with that from the second crop of lead sulphid.) 
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Place the Gooch in a small beaker and treat the contents with a few drops of 
concentrated ammonia. Then pour 10 cc. of 50% ammonium acetate into the 
crucible and allow it to stand for about 15 minutes. Remove the crucible from 
the beaker and carefully wash the bottom and sides with water, allowing the wash- 
ings to run into the beaker. Now, by placing the lips over the top of the crucible, 
blow the solution still remaining in the crucible into the beaker. Wash the crucible 
with a little water, forcing the washings through the asbestos pad in the manner 
just described. Rinse the bottom of the crucible with a jet of water and fit it into 
a bell jar arranged for filtering by suction. Filter the contents of the beaker 
through the Gooch, collecting the filtrate in a second beaker placed under the bell 
jar, and wash thoroughly with hot water. Acidify the filtrate with acetic acid, 
heat nearly to boiling, add an excess of potassium bichromate, and allow to stand 
overnight. Then filter through a tared Gooch, dry for 20-30 minutes on a hot 
plate, cool, and weigh as PbCM>4. 

REBONGTON MODIFICATION OF THE SBEKEB-CLATTON BCBTHOD. 

Weigh 100 grams of the baking powder into a large beaker (1.5-2 liters) and add 
500 cc. of the cold citrate solution^ slowly with stirring. If the powder contains 
albumin a troublesome frothing may result, which can be controlled by the use of 
a few cubic centimeters of ether. Stir thoroughly several times, and set aside for 
several hours. 

Decant the supernatant liquid, and wash the starch twice by decantation with 
about 50 cc. of water, adding the washings to the original solution. (A centrifuge 
will be of great assistance in the decantation and washing.) Heat the solution on 
the steam bath until the albumin is coagulated, and pass in a slow stream of hydro- 
gen sulphid for several hours, or overnight. (If a heavy white precipitate is formed, 
add ammonia cautiously until it is dissolved, taking care that the solution remains 
acid.) Filter o£F the precipitated sulphids and wash with water containing hydrogen 
sulphid. 

To the residue of starch add 250 cc. of water and 25 cc. of hydrochloric acid, and 
heat on the steam bath until the starch is completely hydrolized. Neutralize with 
ammonia, and make just acid to litmus with hydrochloric acid. Pass in a slow 
stream of hydrogen sulphid for several hours, or overnight. Filter and wash with 
water containing hydrogen sulphid. 

Place the filters containing both precipitates in a tall 100 cc. beaker, add 5 cc. 
of sulphuric acid and 10 cc. of nitric acid, and heat on the hot plate, with frequent 
additions of nitric acid until all organic matter is destroyed and the liquid is nearly 
colorless. Take down to fumes of sulphuric acid, cool, add 20 cc. of water and 40 
cc. of alcohol, and allow to stand overnight. 

From this point proceed as in the original Seeker-Clayton method, as follows: 

Filter through a Gooch on asbestos, and wash with alcohol. Place the Gooch 
in the original beaker and moisten the contents with a few drops of concentrated 
ammonia. Then pour 10 cc. of 50% ammonium acetate solution (previously treated 
with HsS and boiled) into the crucible and allow it to stand for about fifteen min- 
utes. Remove the crucible from the beaker and carefully wash the bottom and 
sides with water, allowing the washings to run into the beaker. Now, by placing the 
lips over the top of the crucible, blow the solution still remaining in the crucible 

^Preparation of ammonium citrate reagent. — ^Dissolve 200 grams of ammonium 
citrate in a liter of water, add 10 cc. of concentrated hydrochloric acid, warm slight- 
ly, and pass in a slow stream of hydrogen sulphid for several hours. Filter and 
heat to boiling to expel excess of HsS. 
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into the beaker. Wash the crucible with a little water, forcing the washings through 
the asbestos pad in the manner just described. Rinse the bottom of the crucible 
with a jet of water, and fit it into a bell glass fitted for filtering with suction. Pass 
the ammonium acetate solution through the Gooch, filtering twice if necessary to 
secure a perfectly clear filtrate, and wash thoroughly with a little hot water. Acidify 
the filtrate with acetic acid, heat nearly to boiling, add an excess of potassium 
dichromate, and allow to stand overnight. Filter on a small tared Gooch, wash the 
precipitated lead chroma te with cold water, dry the crucible and contents by heating 
for 20-30 minutes on a hot plate, cool, and weigh as PbCr04. 

EXNER METHOD. 

Weigh out 200 grams* of the sample and transfer this to a 3-liter Jena flask* 
Add 300 cc. concentrated nitric acid in portions, with thorough shaking after each 
addition. The mixture, which first forms a thick paste, is slowly heated on an 
asbestos gauze with repeated shaking. The mass becomes thinner, and by the time 
the oxidation of the starch begins it is quite fluid. As soon as brown fumes begin 
to appear at the mouth of the flask, heat is removed and a stemless funnel is inserted 
in the neck of the flask. The reaction soon becomes very vigorous, and the flask 
should be set in a hood with a good draft. The reaction, however, will not become 
so violent as to cause loss of material by foaming over. When the action has mod- 
erated, the flask is set back on the asbestos gauze over a moderate Bunsen flame. 
When the action becomes weak, as shown by the fumes in the flask becoming lighter, 
90 cc. concentrated sulphuric acid is slowly added to the contents of the flask, and 
heating is again continued until the fumes fade. Then 25 cc. of concentrated nitric 
acid are added from time to time, with continued heating, until all the starch is com- 
pletely oxidized. This can be told from the behavior of the last addition of nitric 
acid, which boils out with but little decomposition. Usually three or four additions 
of 25 cc. portions of nitric acid sufllce. The nitric acid should finally be expelled as 
completely as possible without endangering the flask. Cool and add 400 cc. dis- 
tilled water, shake, and allow to settle. The soluble sulphates of sodium, potassium, 
aluminum, iron, etc., go into solution, while calcium sulphate and most of the lead 
sulphate will be precipitated. Filter through an 18 cm. folded filter into a liter 
Erlenmeyer flask; rinse the 3-liter flask two or three times with small portions of water 
and pour the rinsings through the filter. There is no need of a thorough washing 
of the precipitate. The latter is transferred to a 2-liter Erlenmeyer flask. This 
is best done by opening the filter containing the precipitate over a 600 cc. beaker and 
rinsing thoroughly with water from a wash bottle. The contents of the beaker 
are then transferred to the Erlenmeyer, together with whatever precipitate remains 
in the 3-liter flask. The contents are then diluted so as to nearly fill the flask, stirred 
thoroughly to dissolve the calcium sulphate, 20 cc. strong acetic acid added, and the 
liquid thoroughly saturated with hydrogen sulphid. This may be done quickly 
by preparing a solution of sodium sulphid by saturating a 5% sodium hydroxid 
solution completely with hydrogen sulphid, drawing up this liquid into a pipette, 
which is then dipped into the solution in the Erlenmeyer and stirred while the 
sulphid runs out. Only a small part of the free acid need be neutralized to pro- 
duce complete saturation with hydrogen sulphid. This procedure saves both time 
and gas. The flask is then corked and set aside until the precipitate has settled. 
The liquid is then siphoned off, saving much time in filtering. The lower end of the 
siphon tube which is introduced into the liquid has a short bend at right angles so 

^ If other weights have to be used, take reagents in proportion. 
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that it will not suck the precipitate from the bottom. When there is much calcium 
sulphate, one such treatment will not suffice to bring all into solution, but the flask 
is refilled with distilled water, is again acidified and saturated with hydrogen sulphid 
and allowed to settle till the calcium sulphate is practically all dissolved and the 
residue of sulphids is dark colored. When much calcium sulphate is present, solu- 
tion may be hastened by the addition of lead-free sodium acetate to the water, 50- 
75 grams to each 2 liters of water. If the solution of the salt gives no darkening 
with hydrogen sulphid, it may be safely used. 

The liquid containing the soluble sulphates is treated separately to recover the 
trace of lead which it may contain. The acidity is partially neutralised with anmion- 
ium hydroxid just short of the point of producing a permanent precipitate of 
aluminum phosphate. It is then saturated with hydrogen sulphid and the pre- 
cipitate allowed to settle. Some iron sulphid will usually be precipitated also. 
It is important that the sulphid precipitations be made in very slightly acid solu- 
tions, otherwise lead sulphid will not be completely precipitated. When both pre- 
cipitates have finally settled, the liquids may be siphoned o£F, and the precipitates 
transferred on to separate 11 cm. filters and washed with hydrogen sulphid water. 
The filters with their precipitates are placed into a 200 cc. Erlenmeyer flask, 10 cc. 
concentrated nitric acid and 5 cc. concentrated sulphuric acid are added, a stemlesa 
funnel inserted in the neck, and the flask heated to completely oxidize the material. 
When the nitric acid has all been expelled and the residue darkens, more nitric 
acid is added until no such darkening occurs. The residue is finally heated till 
fumes of sulphur trioxid are given o£F. Then cool and add 15 cc. of water. Filter 
through 7 cm. filter, rinse, and then wash the filter twice with small portions of dilute 
sulphuric acid, and finally with a little water. There is no need of removing all 
sulphuric acid. Place a clean 150 cc. beaker under the filter, dissolve the precipi- 
tate with 15-25 cc. ammonium acetate and wash thoroughly with water. The 
anunonium acetate is best prepared by mixing 1 part 99% acetic acid, 1 part water, 
and 1 part ammoniiun hydroxid sp. gr. 0.90, introducing a piece of litmus paper, and 
cautiously adding more anunonium hydroxid until neutral. 

The solution of lead in ammonium acetate is acidified with acetic acid and pre- 
cipitated with potassium bichromate. The mixture is heated on the steam bath 
and then allowed to cool and settle. It is filtered on to a tared Gooch having a 
thick felt, washed with water, dried at about 125'*C., and weighed as lead chromate. 

It is taken as a matter of course that the water used and the reagents must be 
free from lead. There seems to be no danger from lead in vessels when Jena glass 
is used. 

SAMPLE SOLUTIONS. 

In view of the lack of confidence expressed by many analysts with 
whom we consulted in the Seeker-Clayton method as originally given, 
it was decided to send out for a preliminary test samples containing the 
lead in a soluble form. A very slight amoimt of organic material was 
added to necessitate wet oxidation as reconmiended by the methods. 
Some of the collaborators very properly objected on the ground that 
these samples did not offer the same analytical difficulties met with in 
the analysis of phosphate baking powders. They have, nevertheless, 
worked faithfully upon the samples and have sent in data which, in the 
judgment of the associate referee, fully justify the style of sample used 
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for this preliminary test of the comparative merits of the methods. Fur- 
ther, to eliminate personal equations and any autosuggestion in the 
analysts, three sample solutions labeled A, B, and C were sent out, each 
containing exactly the same concentration of lead (as Pb(N03)s), but 
without indicating to the analysts that these solutions were duplicates 
one of the other so far as the lead was concerned. The ingredients of 
the solutions are given below. 

It will be noted that the diluted solutions made from these samples 
which were finally to be taken for the lead tests contained a quantity of 
lead the same as would be found in a baking powder containing 20 parts 
of lead per million. Thus, 200 grams of baking powder (Exner method) 
containing 20 parts per million of lead would have 4 mg. of lead. One 
hundred grams (Remington method) would contain 2 mg. of lead, and 20 
grams (Seeker-Clayton method) would contain 0.4 mg. The solutions 
measured out for analysis contained these respective amounts. 

INGREDIENTS OF SOLUTIONS. 

Solution A contained 10 grams of sugar per 100 cc. and 40 mg. of 
lead per 100 cc. (as Pb(NOi)t), with a few drops of concentrated nitric 
acid to repress hydrolysis. 

Solution B was an exact duplicate of solution A and was taken from 
the same mix. 

Solution C was identical with solutions A and B except that 2.5 grams 
CaHi (P04)t HfO (found to be lead free) was added per 100 cc. 

DIRECTIONS ACCOMPANYING SAMPLE SOLUTIONS. 

The following directions were sent out with the solutions: 

Take 50 cc. of each solution at 25**C. and make up with distilled water to 500 
cc. at 25°C. Then for use in the Exner method use 100 cc. of this diluted solution; 
for the Remington method use 50 cc; and for the Seeker-Clayton method use 10 
cc. The results should be reported in milligrams per liter of original solution. 

REPORTS OF COLLABORATORS. 

The collaborators reported results which are tabulated as milligrams 
per liter of original sample solution in Table 1. These results have been 
recalculated to a basis of parts per million of a phosphate baking powder^ 
using the weights of baking powder recommended for analysis in each 
of the methods, respectively, and are given in Table 2. 

One of the collaborators, Dr. T. J. Bryan, in addition to the requested 
work, added to the diluted solutions to be taken for analysis an amoimt 
of lead-free baking powder required by the diflFerent methods and then 
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Table 1. 

Lead in milligranu per liter of original solution as reported by the colldboratora, 

[Solutiona contained 400 mg. of lead per liter.] 





LS4D nr MZLLZOBAIIS PSB LITBB OF BOLUTXON 


COLLABOBATOB AKD 
ARALTSr 


SoluUonA 


Solution B 


Solution C 




Seeker- 
CUyton 


Rem- 
ington 


Exner 


Seekeiw 
Clayton 


Rem- 
ington 


Exner 


Seeker- 
Clayton 


Rem- 
ington 


Exner 


Loomis (Wichman) 

Hortvet (Pettijohn).. 


128 
1220 
2750 


333 
640 
990 


333 
870 


128 
640 
700 
700 
380 
320 
833 
512 
513 
448 


307 
500 
380 


358 
370 


128 
380 
450 


422 
460 
210 


416 
420 


Morey (Hoyt) 

Bryan 

Stallings (Clarke) ... . 


260 
380 
384 
897 
513 
448 
385 


550 
475 
371 
294 
436 
422 


359 
372 
454 
371 
442 
416 


360 
422 
358 
179 
410 
422 
448 
422 


436 
429 
211 
237 
410 
384 

• ••..«, 


260 
190 
1020 
1020 
448 
513 
577 


396 
410 
269 
294 
576 
512 


378 
359 
358 
397 
481 
512 















Table 2. 
Recahtdation of reatdta given in Table 1 toa hasia^ of parte per million in a phoephaU 

baking powder. 
[Solutions contained 90 parte of lead per million.] 





LBAO ZN PABTS PBB MZLUON 


COIAABOBATOB AKD 
▲XfALTBT 


Solution A 


Solution B 


Solution C 




Seekeiw 
Clayton 


Rem- 
ington 


Exner 


Seeker- 
Clayton 


Rem- 
ington 


HSm^w* 


Seekeiw 
Clayton 


Rem- 
ington 


Exner 


Loomis (Wichman) 

Hortvet (Pettijohn).. 


6 

61 

138 


17 
32 
50 


17 
44 


6 
32 
35 
35 
19 
16 
42 
26 
26 
22 


15 
25 
19 


18 
19 


6 
19 
22 


21 
23 
11 


21 
21 


Morey (Hoyt) 

Bryan 

Stallings (Clarke).... 


13 
19 
19 
45 
26 
22 
19 


28 
24 
19 
15 
22 
21 


18 
19 
23 
19 
22 
21 


18 
21 
18 
9 
21 
21 
22 
21 


22 
21 
11 
12 
21 
19 


13 
10 
51 
51 
22 
26 
29 


20 
21 
13 
15 
29 
26 


19 
18 
18 
19 
24 
26 















> For lyntheiia of aamplea aee page 218. 

Table 3. 

Lead found in solutiona to which lead-free baking powder waa added in the proportiona 

required by the various methoda. 

[Solutiona contained 400 mg. of lead per liter.] 



Seeker-Clayton 

Remington 

Exner 



LBAD nff lOLLIOBAMa PBB LTTBB (W 80LUTX0N 



SoIuUon A 


Solution B 


Solution C 


704 


320 


384 


448 


192 


192 


410 


179 


102 


397 


38 


140 


134 


121 


313 


281 


294 
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subjected the solutions to analysis. These results are shown in Table 3. 
Table 4 contains the results given in Table 3 recalculated to parts per 
million of lead in a phosphate baking powder in order to make them com- 
parable with similar results given in Table 2. 

Table 4. 

Recalculation of resvlU of Table S to a basia of varta per million in the phosphate 

baking powder adaed, 

[Solutions contained 20 paits of lead per million.) 



LBAD nff PARTS PSB MILLION 



Solution A 


Solution B 


Solution C 


35 


16 


19 


22 


10 


10 


22 


9 


5 


20 


2 


7 


7 


6 


16 


14 


15 





Seeker-Chiyton. 

Remington 

Exner 



DISCUSSION OF RESULTS. 

Recurring now to the objections which have been made by some of 
the collaborators (H. M. Loomis, T. J. Bryan, C. B. Morey) : They were 
of the opinion that these methods for the estimation of lead should be 
used upon lead-free baking-powder samples to which known quantities 
of lead had been added, or upon sample solutions containing the same 
quantity and ratio of ingredients that would occur upon solution of a 
phosphate baking powder in acid. 

These methods have two objects: One, to determine the lead quanti- 
tatively, and the other to separate the lead from the mixture in which 
it is found. It seemed advisable to study first their respective merits 
in determining lead under conditions where there was practically no in- 
terference from baking-powder ingredients. If a method can not stand 
this test, manifestly there is no use of tr3dng it out where there is added 
the further difficulty of separating the lead from a complex mixture of 
ingredients. 

The reason that the associate referee sent out these very simple samples 
for analysis was to ascertain if these three methods could give comparable 
results in the hands of capable analysts under the most simple conditions. 
If this had proved to be the case, it was then the intention to carry out 
further work upon more complicated samples fully simulating the actual 
conditions found in phosphate baking powders. Owing to the lateness 
of the date at which the present associate referee took up this work, it 
has been possible to proceed only as far as the report indicates. 

In the work done by Mr. Pettijohn, under Dr. Hortvet, the prescribed 
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methods were not followed exactly in all cases; and for this reason, to- 
gether with the wide variation in results presented, it seems fair to judge 
the methods on the results reported by the other four analysts. 

SEEKEB-CLATTON METHOD. 
VARIATIONS REPORTED. 

The Seeker-Clayton method might possibly be adapted for this work 
by substituting a colorimetric reading at the end instead of the present 
gravimetric determination, but in its present form it gives results varying 
from (Table 2) 6 parts per million to 51 parts per million, using one solu- 
tion with four different analysts, and from 19 parts per million to 51 parts 
per million for one analyst on three solutions (Bryan). 

WEIGHING LIMITATION ERROR. 

The inherent diflSculty with the Seeker-Clayton method is the small 
amount of sample taken. With the baking-powder standard for lead 
set at 20 parts per million upper limit, there will be 0.0004 gram of lead 
in a 20-gram sample containing this highest limit. Since the lead is 
weighed as PbCr04, the actual mass weighed would be 0.000624 gram. 
Assuming that the balance weighs accurately 0.0001 gram, then any weight 
between 0.00055 gram and 0.00065 gram will be read as 0.0006 gram of 
PbCr04. This weight calculated to lead gives 0.000385 gram lead, with 
a range from 0.000353 gram to 0.000417. Calculating to parts per mil- 
lion of lead, 0.0006 gram PbCr04 represents 19.25 parts per million, and 
the range is 3.2 parts per million (from 17.65 to 20.85). Hence we have 
a possible error of =*=8.3% inherent in the limitations of the balance 
when estimating lead in baking powders containing approximately 20 
parts per million, even when the balance weighs accurately to 0.0001 
gram. The above standard referred to (20 parts per million of leacl) is 
for baking-powder acid-ingredient chemicals. The standard for complete 
baking powders is one-half of this, or 10 parts per million. A baking 
powder containing this upper limit would yield only 0.0003 gram PbCr04 
and, the weighing errors remaining the same, the percentage of error due to 
the limitations of the balance would be doubled. 

WEIGHT STANDARDIZATION ERROR. 

The above discussion of weighing errors assumes that the set of metric 
weights used with the balance is rigidly standardized, and that each 
correction of standardization is used throughout all operations. To il- 
lustrate how great such an error may be, test 11388, U. S. Bureau of 
Standards, of a new set of weights (Becker's Sons, Rotterdam) showed 
the following: One of the 2-gram weights was too heavy by 0.1 mg., each 
100-mg. weight was 0.04 mg. too light, and the 50-mg. weight was 0.02 
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mg. too light. Thus, a weighing in which one of the 2-gram weights was 
replaced by the other would show 0.0001 gram more or less than the cor- 
rect mass. Similarly, a weighing in which the two 100-mg. weights and 
the 50-mg. weights were used together would lack 0.0001 gram of the 
true mass. Thus the possible error through neglecting the standardiza- 
tion of weights would be as large as the above mentioned error due to 
the limitations of the balance. And even when weight standardization 
is taken care of, constant use and corrosion of weights may introduce 
error. 

OPTIMX7M LOAD. 

In making such close estimates as required by the Seeker-Clayton 
method, the effect of the balance load on the sensibility must be taken 
into accoimt. It would, of course, be advisable to determine the load 
of greatest sensibility, and then add weights to the pan containing the 
Gooch crucible until this optimum load is approximated; or a lighter 
crucible might be chosen in case the optimum load were lower. 

DBTINO ERROB. 

The method of drjring the PbCrOi precipitate on the hot plate accord- 
ing to the Seeker-Clayton directions has been found to be subject to an 
error of 0.0002 gram by Dr. T. J. Bryan in his report, although he does 
not specify exact reasons for this error. Mr. Pettijohn also has criticized 
this procedure, but without quantitative expression. This error may be 
partially due to absorption of moisture during the weighing or in the 
balance case. 

RECOMMENDATIONS ON SBBKER-CLATTON METHOD. 

The Seeker-Clajrton method, because of the small quantity of sample 
and .reagents required, may well serve as a semiquantitative method in 
the hands of one skilled in its use; but taking into account all of the fac- 
tors mentioned, it would seem inadvisable to recommend the Seeker- 
Clajrton method for further study. 

REMINGTON MODIFICATION. 
VARIATIONS REPORTED. 

The Remington modification method showed much closer checking 
than the Seeker-Cla3rton, the greatest variation being from 13 to 29 parts 
per million with one solution and four different analysts, and from 9 to 
19 parts per million with three solutions for one analyst (Bryan). 

The majority of determinations, however, came reasonably close to 
the true value of 20 parts per million. Out of a total of 23 determinations 
by four analysts, over half (13) were within 10% of the correct value. 
Fifteen were within 20%, and four showed an error greater than 30%. 
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WEIGHING EBRORS. 

With this method the larger weight of sample taken (100 grams) reduces 
the error in weighing due to the limitations of the baUmce to =^0.32 parts 
per million when a total of 20 parts per million is being estimated. Other 
weighing errors are correspondingly reduced. An error of 0.0001 gram 
in weighing the PbCrO^ would produce an error of 0.64 parts per million 
with the 20 parts per million total. 

BBCOMUBNDATIONS ON BBMINGTON MODIFICATION. 

From the results obtained with this method^ it would appear that the 
Remington method does not possess quite the accuracy of the Exner 
method. Consequently it is recommended that no further study be 
made of the Remington modification method at present. 

EXNBB METHOD. 
TABIATIONS BEPOBTBD. 

Still closer checking was found in the results with the Exner method. 
The greatest variation was from 11 to 22 parts per million with one solu- 
tion and four analysts^ and from 11 to 23 parts per million with one analyst 
(Bryan), using three solutions. Fifteen out of a total of 21 determinations 
were within 10% of 20 parts per million, and only three showed an error 
greater than 20%. 

WEIGHING EBBOBS. 

With the Exner method weighing errors are still further reduced, the 
error due to weighing limitations of the balance being only =t=0.16 parts 
per million in estimating 20 parts per million of lead. An error of 0.0001 
gram in weighing the lead chromate precipitate would give an error of 
0.32 parts per million for this 20 parts per million total. 

USB OF ALCOHOL IN PBECIPITATINa LEAD SULPHATE. 

Mr. Pettijohn reconunends that alcohol be added in the Exner method, 
at the point where the PbS04 (recently formed from the sulphid by the 
action of nitric and sulphuric acids) is treated with water, in order to 
precipitate the lead sulphate completely. It appears to the associate 
referee that this would delay the determination and not add appreciably 
to the accuracy. The solubility of PbS04 in water is 0.0042 gram PbSOi 
per 100 grams distilled water at 19°C. (Rothmund : Loslichkeit und Loslich- 
keitsbeeinflussung). This means that when saturated, 15 cc. of water 
would hold only 0.0006 gram of PbS04. The 15 cc. of water used in 
transferring the sulphate precipitate does not have time to reach satura- 
tion; hence the use of alcohol to recover this minute quantity of PbS04 
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is without material effect upon the accuracy of the method in general, 
if carried out according to Exner's directions. However, where it is 
desired to use the Exner method with fractional quantities of the 200- 
gram sample, the error introduced by the loss of the PbS04 in the trans- 
ference water might need consideration. 

RECOMMENDATIONS ON THE BXNBB METHOD. 

In view of the shorter time required and the greater accuracy both 
from a priori considerations and actual experimental data, the Exner 
method seems well worthy of further study, where a gravimetric method 
is to be used. In case the full quantity recommended (200 grams) is used, 
it is advisable to take the substance from the can, thoroughly mix, and 
secure each complete sample taken for analysis as a composite of many 
fractions Ufted from different portions of the mix. 

WICHMANN MODIFICATION OF BEEKER-CLATTON METHOD. 

Mr. H. J. Wichmann in his report presents the following method, which 
he recommends as dependable: 

One hundred grams of baking powder are weighed out into a 1.3-liter beaker and 
10% HCl added to excess in small portions. Excessive frothing may be kept down 
with ether. The mixture of acid and starch is heated until the starch is hydrolyzed 
and the solution is quite limpid. After cooling, 200 cc. 50% ammonium citrate 
solution are added. The solution is kept cold while an excess of anunonia is slowly 
and carefully added. If a precipitate forms, sufficient ammonium citrate is added 
to dissolve *it. Fifteen cubic centimeters of saturated HgCls solution are added and 
the solution diluted to about 1,200 cc. Hydrogen sulphid is then passed to satura- 
tion and the beaker set aside. The precipitate settles rapidly and can readily be 
filtered. A centrifuge can be used to advantage. There is no need of standing 
overnight, as the heavy HgS will drag down the PbS. If the solution stands over- 
night a precipitate of calcium citrate is apt to settle out. 

The filter paper with the sulphids is placed in a small casserole, or the sulphids 
are washed into it from the cylinder, if a centrifuge is used. Ten cubic centimeters 
of HNOf and 2 cc. of concentrated HsSO^ are added. The nitric acid is evaporated 
and the sulphuric acid slowly fumed off. If a gas muffle furnace is available the 
casserole can be placed on the platform in front of the muffle until the HsSOi has 
disappeared and then slowly heated inside to a light red heat. The mercury salts will 
vaporize, and any ferric sulphate present will be broken up to the oxid. After cool- 
ing, the lead sulphate is leached out from the residue with an ammoniacal 25% solu- 
tion of ammonium acetate. Several leachings must be made. The filter paper is 
then washed with hot water. The filtrate is acidified with acetic acid and the lead 
precipitated as chromate with potassium dichromate. After standing overnight 
the lead chromate is collected on a Gooch, dried by heating to 125*^0., cooled, and 
weighed. 

In answer to the objection that the mercury would tend to carry off 
some of the lead with it during volatilization, Mr. Wichmann assures 
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us that he has not found this error to interfere with the accuracy of the 
method. Mr. Clayton states that in his experience such a volatilization 
of mercury salts gave low results for the lead; but considering the very 
much smaller quantities of lead present in each test sample when fol- 
lowing the Seeker-Clayton method, it seems likely that the large relative 
error obtained by Mr. Cla3rton would become insignificant when using 
100-gram samples as recommended by Mr. Wichmann. 

RECX)MMENDATIONS. 

The associate referee recommends that further study be carried out 
upon the Exner and Wichmann methods. The Exner method is recom- 
mended for adoption as a provisional method. 

Special emphasis should be laid upon speed of operations, as well as 
upon clean separations, close measurement of wash water, and accurate 
weighing. The use of a stirrer during hydrogen sulphid precipitation, 
followed by centnfuging, should be studied with a view to eliminating 
the standing overnight. The Wichmann method presents the only 
gravimetric determination which can be carried out within approximately 
24 hours, and is therefore expecially commended for careful study. It 
is recommended that the determinations be accompanied by a time 
schedule, showing actual time involved in each operation. This is es- 
pecially important in view of the large number of samples and the short 
time available in handling many carloads of material at the factories. 

The associate referee wishes to thank the collaborators, T. J. Bryan, 
J. Hortvet, H. M. Loomis, C. B. Morey, and R. E. Stallings, and the 
analysts, J. O. Clarke, F. L. Hoyt, E. Pettijohn, and H. J. Wichmann, for 
their helpful spirit in carrying out the work. Acknowledgment is also 
made to Mr. G. H. Mains for assistance in discussing data and compiling 
this report. 

THE ROLE OF CALCIUM SULPHATE IN PHOSPHATE 
BAKING POWDERS. 

(Abstract.) 

By H. E. Patten (Bureau of Chemistry, Washington, D. C). 

The present investigation was imdertaken in view of the different 
opinions which have been expressed as to the function of calcium sulphate 
in phosphate baking powders. Some chemists hold that the calcium 
sulphate is merely a neutral inert body acting possibly as a drying agent 
in the baking powder, but contributing nothing to the chemical changes 
which alone render the powder of service in baking. Others maintain 
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that the calcium sulphate acts chemically in the dough, and finally is 
not found in its original form in the finished biscuit, but broken down chemi- 
cally and recombined into a soluble product (sodium sulphate) and an 
insoluble product [calcium phosphate (CaO)x(P206)yl of variable composi- 
tion. The presence of calcium sulphate is also held to retard the evolu- 
tion of gas by the baking powder and thus renders the leavening action 
more gradual. 

There is also question in the minds of some as to whether the reaction 
between sodium bicarbonate and monocalcium phosphate yields dical- 
cium phosphate (CaHPOi) or tricalcium phosphate CasCPOOs; and also 
question as to the effect of flour and starch (in the dough of the biscuit) 
upon the reaction. Indeed some claim that experiments made with 
sodium bicarbonate, calcium phosphate, calcium sulphate, and water can- 
not be taken as good evidence of what reactions will take place when 
these baking-powder ingredients are actually mixed with flour and water 
and baked into a finished biscuit. 

A survey of the literature at the time this work was undertaken^ showed 
that accurately controlled heterogeneous equilibria studies had been carried 
out in which carbonates were investigated as to their action with sul- 
phate and chlorid, but not with phosphate; also that phosphates had been 
studied in connection with sulphate and chlorid, but not with carbonate. 
Consequently, there was a large field of reaction possibility still unexplored, 
even where the baking-powder ingredients alone were taken in aqueous 
solution, no flour being added. 

From these equilibria experiments, and the diagrams graphically repre- 
senting their data, tentative inferences were made as to the chemical 
changes which might be expected in the baking reaction, as follows (using 
sjonbols for brevity) : 

If CaSOi . 2HflO or GaSOi anhydrous be added to NaHCOi in preseiuse of exoeas 
of water — • 

(1) CaCOi will be formed (since it is about 1,000 times less soluble than CaSOO 
along with NasSOi and HsCOt. 

(2) The HsCOt will then decompose and GOi gas will be evolved. 

(3) The main effect of rise in temperature above 25*C. is to liberate CX>i held in 
solution by CaCOi*, and to deposit the CaCOi (released by the COi) as a precipi- 
tate; also temperature rise changes any residual GaSOi . 2HiO to the anhydrous 
form, CaSOi. 



^ This problem was referred to the author in 1911, some time in November, by 
Dr. W. D. Bieelow. at the instance of Dr. H. W. Wiley. A preliminary report was 
submitted to Dr. Bigelow on January 15, 1912. 

> Compare U. S. Patent 316,863, April 28, 1885. COt formed from CaS04+ alka- 
line bicarbonates. 

* CaHs(COf)i calcium bicarbonate has not been shown to eodst, despite the fre- 
quent references to it in chemical writings. 
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If CaH4(P04)2 be added to NaHCOs in water the reaction varies with 
the quantity of NaHCOs used, thus: 

(4) 3CaH4(P04)t + 4NaHC0, - CaiCPO^). + 4NaHJ>04 + 4C0, + 4H,0. 
(6) 3CaH4(P04)i + 8NaHCX)i - Ca«(P04)« + 4NaaHP04 + SCO, + 8H0. 

It is found that ''tricalcium phosphate" is always formed and the 
variation of NaHCOs produces a variation in NaHsP04 and Na^HPOi 
and CO2 and HjO. 

If we add CaSO* or CaS04 . 2H2O to CaH4(P04)j and NaHQO, in water, 
the reaction is modified in that an end-product, NasHP04, is acted upon, 
thus: 

(6) 3CaS04 + 3NaiHP04 - Ca,(P04). + 3Na,S04 + HO^i. 

The tricalcium phosphate (a solid solution (CaO)z(PsOt), is about 
1,000 times less soluble in water than CaS04, hence this reaction proceeds 
till the solubility limit of the Cas(P04)s in the acid solution resulting is 
reached. This equation, of course, does not represent the reality, since 
the composition of the solid solution (Ca8(P04)s?) varies with the com- 
position of the liquid phase in contact with it. 

Reaction No. 6 above does not take accoimt of the NaHCOs present. 
When this is done we have: 

(7) 3CaS04 + 2Na,HP0 + 2NaHC0, - Ca,(P04)«^- 3Na,S04 + 2C0, + 2H,0. 

No hint is given in the literature examined of a compoimd, CaNa4 
(P04)s, either as a solid phase or in solution. 

Without regard to exact equations, such as 4, 5, 6, and 7, it may be in- 
ferred from the published isotherms referred to in the literature that — 

(8) With calcium sulphate present in excess as a solid phase, very little phos- 
phorus pentoxid will be found in solution. 

(9) If the content of CaS04 is high in the baking powder it is likely that CaS04 
or GaS04 • 2HsO will exist as a solid phase after the baking powder reaction is ended, 
and some GaCOt may be present. But if the GaS04 content is low in the baking 
powder, then there would be a solid solution left as residue after baking, contain- 
ing CaO and PsOii but .not necessarily in a simple molecular ratio to each other; 
here, too, some CaCOi might be left in the solid residue. 

(10) Tricalcium phosphate is not permanent or of fixed chemical composition, 
at least when it is formed in the usual way by precipitation; the PsO» may be washed 
from it with excess of water, leaving a basic compound, or, conversely, its lime may 
be extracted by acid solutions, leaving the solid solution relatively higher in PsOg 
content than in CaO. 

(11) The effect of adding salt (sodiiun chlorid, NaCl) in mixing dough probably 
is to decrease the PiOt in solution. This effect is observed where chlorids act on 
calcium phosphates alone in aqueous solution.^ 

»U. S. Dept. Agr., Bur. Soils Bui. 41, p. 34. KCl decomposes Cat(P04)i and 
decreases PsO» in solution. 
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(12) Precipitation of calcium carbonate in the cold is retarded by the presence 
of phosphate salts. ^ This would tend, though perhaps only slightly, to hold more 
COs in solution and give it up at higher temperature in the oven. 

The double titration of phosphates, using methyl orange and phenol- 
phthalein and a neutral salt such as calcium chlorid, is outlined in detail 
by H. N. Morse in his Analytical Chemistry, and has long been a matter 
of common knowledge. Wadman^ in 1894 published results on testing 
phosphate baking powders, using essentially this method. 

Although the foregoing review of the subject makes it appear that cal- 
cium sulphate is not inert in the baking-powder reaction, a few experiments 
have been carried out to ascertain the eflfect of the calcium sulphate, not 
only in quantitative experiments with the chemicals and water but also 
in baking tests. 

The following table shows the amount of calcium sulphate not decom- 
posed when varying amounts were used in the baking-powder reaction 
in flasks with given amounts of monocalcium phosphate and sodium 
bicarbonate. 

Qtumtity of calcium SidphaU left in solid residtie after baking-powder reaction,^ 



CAJJOUM BUUVATB ADOBO 


CALCIUM SULPHATE LBFT 
IN SOLID RISIDUS 


Gramfl 


Per cent by w^jdit of 
CftH«(P04)i.aO 


Gram 


0.378 
0.756 
1.009 
1.512 
2.018 


15 
30 
40 
60 
80 




0.054 

0.080 

0.175 

0.545 



i Reaction: 2.fi216 grains aCaH«(P04)s.HiO + 2.2460 crams 8 NaHCX)a + (Q.) CaSOi + 100 grams HiO. 

It appears that with the proportions of monocalcium phosphate and 
sodium bicarbonate used, the calcium sulphate was entirely decomposed 
when its amount as CaS04 was 15% of the weight of the phosphate 
(CaH4(P04)2.H20). 

In regard to the eflfect of CaS04 upon the production of carbon dioxid, 
it may be said that since both calcium sulphate and monocalcium phos- 
phate react with sodium bicarbonate, giving oflf carbon dioxid, when mixed 
they will still react, as shown in equations 4, 5, 6, and 7 above, which in 
general are borne out in our experiments, results subject, of course, to 
variations produced by change in concentrations and temperatures. 

Further, a monocalcium phosphate which has been neutralized to 
phenolphthalein by addition of N/10 sodium hydroxid shows a marked 

1 Storer, Am. J. Sci., 1858, 35: (2) 41; Dulong, Ann. Chim.. 1812, 82: 273; Spillcr, 
J. Chem. Soc, 1858, 10: 110; Kippenberger, Z. anorg. Chem., 1894, 6: 177. 
* J. Am. Chem. Soc, 1894, 16: 333. 
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increase in acidity when calcium sulphate is added. This excess acidity 
may be titrated with standard alkali, or it may be determined quanti- 
tatively by the electrometric method, usmg the hydrogen electrode to 
evaluate the increase in the so-called "hydrogen ion concentration." Both 
methods were used in this investigation. 

The electrometric method has the advantage that it does not disturb 
the equilibrium as does the addition of alkali in titrating. 

Baldng experiments conducted in cooperation with Miss Hannah 
Wessling confirmed the conclusions from the chemical studies. Addition 
of calcium sulphate appreciably raised the limit of alkali which could 
be used with a given amount of phosphate in the baking-powder mixture 
without leaving an alkaline taste in the biscuit. 

The experiments reported at this time have settled only the question 
as to whether the calcimn sulphate does take part in the reaction. The 
exact limits of the reaction are yet to be determined. 

REPORT ON MEAT AND FISH. 

By E. D. Clabk (Food Research Laboratory, Philadelphia, Pa.), 

Associate R^eree. 

Studies this year are included in two groups. The first was to deter- 
mine the accuracy and general application of the Price method for starch 
in meat products by the analysis of known samples through the aid 
of the collaborators. The second group of studies included methods 
of detecting incipient decomposition and changes in fish fiesh by deter- 
mining the various forms of nitrogen in the so-called ''nitrogen distribu- 
tion,'' the changes in fat constants, etc. 

PRICE METHOD FOR STARCH IN MEAT PRODUCTS. 

For the last two years it has been recommended by the association 
that Price's method be studied further, with a view to its adoption as 
provisional. It seemed desirable to make a final study of this method 
before recommending its adoption. Previous work reported on the 
method shows that the directions as given are easily carried out and that 
theoretical values are obtained for known weights of starch added to 
meat. Accordingly, the immediate problem seemed to be a study of the 
xmif ormity of results obtained on the same meat sample by different ana- 
lysts, rather than any fiu'ther investigation of theoretical considerations. 

In collaborative work of this sort on starch in meat it is impossible to 
prepare uniform and exact samples because of the difficulty of thoroughly 
mixing dry starch or cereal with a wet and greasy material like sausage 
meat. Accordingly, two large samples of ground meat were prepared, 
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using borax as a preservative. To each of these samples potato starch 
was added and the whole thoroughly mixed by running through a meat 
chopper ten times in succession. Allowing for the moisture, etc., in 
the starch, it was possible to prepare fairly uniform samples of chopped 
meat containing an approximately known weight of starch. Portions 
of the large samples were analyzed for starch, and then 4-ounce samples 
were sent out to collaborators. 

In the original Price method, reduced copper is determined by titration, 
as proposed by Low. However, in many laboratories it is customary 
to determine the precipitated cuprous oxid by weighing directly, according 
to Munson and Walker's procedure. Therefore, in order to get compara- 
tive figures, the collaborators were requested to determine the starch 
in the second sample by the use of both the volumetric and gravimetric 
methods for reduced copper. 



Re9tilU of coUabarative work on th$ Price method for starch in 


t meat producU. 




▲TBBAoat or TWO OB MOBS DBnBMorAnom 


▲NALTn 


^"^tiiV-*^ 


"""ISilbJ'"^ 




Volunwtrie 


GnTimatrie 


VoluBMtrie 


GnTiineCriB 


L. H. Almy, Philadelphia 


p$re$nt 

1.25 
1.22 
1.24 
1.33 


p§r MfU 

1.23 


p«r oral 

1.67 
1.42 
1.44 


pcreeirf 
1.60 


E. D. Clark, Philadelphia 


1.45 


R. D. Cook. Chicaso 






M. 0. Johnson. Washtnirton. 






T. R. Le Compte, Wfishmston 




1.67 
1.67 
1.42 


1.65 


R. M. Mehurin, Washington 






1.53 


C. G. Sutton. St. Paul 


1.11 
1.36 
1.28 


1.11 


1.47 


A. S. Thatcher, Washington 




G. W. Trainor, Chioaico 




1.74 










Average 


1.26 


1.17 


1.56 


1.56 







A study of the collaborators' figures shows that they are in satisfactory 
agreement with each other and with the approximately known weight 
of starch added in making up the sample. The Price method has an 
accuracy and an ease of manipulation that make it worthy of adoption 
as a provisional method. To accommodate those analysts who prefer 
to determine the copper gravimetrically as cuprous oxid, rather than by 
titrating according to Low's method, the Price method should be modi- 
fied to permit the weighing of cuprous oxid as an optional procedure. 
From our experience, and that of our collaborators, it seems that this 
method should be adopted as provisional in place of that of Mayrhof er. 
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PRELIMINARY STUDIES ON CHEMICAL METHODS OF DETECTING 
DETERIORATION IN FISH FLESH. 

Bt E. D. Clark and L. H. Albtt. 

The quantitative study of changes in fish flesh upon standing or during 
cold storage is a comparatively new one. The researches of Richardson 
and Scherubel, Emmett and Grindley, and others, upon meat during stor- 
age opened the way in that field. Wiley, Penliington, and collaborators, 
have done the fundamental work on the chemistry of decomposition pro- 
cesses in the flesh of poultry, game, etc. The investigations of Smith* 
and of Perlzweig and Gies* on changes in fish during cold storage are 
the pioneer contributions to our knowledge of the behavior of fish flesh 
under refrigeration. 

Owing to the fact that there were few generally accepted methods for 
studying chemical changes in fish flesh, and also that the perishable natiu'e 
of fresh fish made it impossible to send samples to collaborators, it was 
decided to make the preliminary studies in our own laboratory. This work 
was done in connection with the investigations of the laboratory on the 
effects of cold storage upon fish. Therefore, this report is a result of 
the year's experience with various methods applied to the study of fish. 

The following list shows the determinations made for the tabulation 
of results on changes in the fish during cold storage. It was intended 
to include every determination that offered any possibility of giving 
information about fish flesh and its changes. Some of these determina- 
tions are unnecessary and some may be of little value, but all of them 
will help to give definite information about the adequacy of the methods 
themselves as applied to this problem. Most of the determinations 
have been adopted from the work of early investigators upon meats 
and poultry. The determination of the acidity of the fish extract was 
suggested by Smith's publication. Determination of amino acids by 
both the Van Slyke and Sorenson methods was a new departure. Other 
new methods or modifications will be apparent. 

TabtUatian of complete analysis offish, 
(a) bamplb. 



1. Description of fish and history. 

2. Total weight. 



3. Edible portion. 

4. Refuse. 



(b) gboss analysis. 



1. Moisture. 

2. Solids. 

3. Ash. 

4. Ether extract. 



5. Total nitrogen 

6. Nitrogen X 6.25 (protein). 

7. Water-insoluble nitrogen. 

8. Ammonia and amine nitrogen by aera- 

tion. 



^ Smith. Biochem. Bui., 1913, 3: 64. 

* Perlsweig and Gies. Biochem. BuL, 1913, 8: 69. 
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(c) ANALYSIS OF AQUEOUS EXTBACT. 



1. Acidity of extract in terms of N/lO 
NaOH solution with phenolphtha- 
lein. 

Solids. 

Ash. 

Organic matter. 

Nitrogen distribution in extract. 

(a) Total nitrogen of extract, or 
soluble nitrogen. 

(b) Coagulable nitrogen. 



(c) Nitrogen precipitated by — 

(I) Tannin-salt method. 
(II) Zinc sulphate method. 

(d) Nitrogen "bases," etc., by dif- 

ference. 

(e) "Amino-acid nitrogen" by — 

(I) Van Slyke method. 
(II) Sdrensen titration method. 

(f) Ammonia and amine nitrogen 

by aeration. 



(d) STUDT of fat EXTRACTED FROM FLESH. 



1. Specific gravity. 

2. Index of refraction. 

3. lodin number. 



4. Saponification number. 

5. Acid number. 

6. Acetyl number. 



There is no need to discuss the ordinary determinations like total 
nitrogen, ash, fat constants, etc., but in the case of ammonia nitrogen 
there are certain complications that must be considered. In the deter- 
mination of the so-called ammonia nitrogen we used a modification of 
the Folin aeration method. We followed Smith in using the Steel* 
modification of Folin's method because Perlzweig and Gies reported the 
presence of crystals of ammonium magnesium phosphate in fish flesh 
even early in the process of deterioration. The use of sodium hydroxid 
and sodium chlorid in place of the sodium carbonate, as suggested by 
Steel, seems to be necessary in cases like the analysis of fish where mag- 
nesium ammonium phosphate is known to be present. Benedict and 
Osterberg* have made a detailed study of the use of Steel's modification 
as well as the original Folin method upon urines, and they report that 
the former method apparently gives correct results for ammonia under 
nearly every condition. In fish flesh not only do we have the interfer- 
ence of this magnesium compound but also the added complication of 
amines, unknown as to nature and amount. Later we will show that 
certain classes of amines may be determined quantitatively by the aera- 
tion method, either when alone or with ammonium salts. Since this is 
true, and since we know that amines occur in fish, we found it desirable 
to use Steel's modification, and later to make a study of its efficiency in 
determining amines, either in the presence or absence of ammonium salts. 

In order to study the interference, if any, of the amines with the de- 
termination of ammonia, we carried out the following experiments: 
Standard solutions of methyl amine, trimethyl amine, and ammonium 
chlorid were prepared. The exact amount of nitrogen contained in 5 cc. 
portions of these solutions was ascertained by duplicate Kjeldahl deter- 

1 Steel. J. Biol. Chem., 1910, 8 : 365. 

* Benedict and Osterberg. Biochem. Bui., 1913, 3: 47. 
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minations. Then the same amounts of these standard solutions were 
analyzed by the Folin aeration method, using Steel's modification, as 
already noted. These solutions were analyzed separately and mixed in 
stated proportions. The figures by the aeration method are the averages 
of four separate determinations. 

Determination of ammonia and amine nitrogen by the airation method. 



■VBSTARCB UBBD 


MITROaKK BT 
> AlBATION 


KITROGBN 

BT KJBLDASL 

MBTHOD 


Methyl amine solution alone 


gram 
0.0052 
0.0072 
0.0189 
0.0148 
. 0.0124 


ffram 

0.0050 


Trimethyl amine BoUition alone 


0.0077 


AmTnnniiini chlorid Rohition alone 


0188 


Trimethyl amine + NH«C1, solutions mixed 


0.0143 


Trimethyl amine 4" CHfNHi, solutions mixed 


0.0127 









It is evident from these results that the primary or tertiary amines, 
either alone or with ammonium salts, are determined quantitatively by 
the modified Folin method for ammoniimi nitrogen. Therefore, we con- 
sider that determinations by this method give ''ammonia and amine" 
nitrogen. Proteins do not interfere. 

We already have seen that the presence of amines and magnesium 
compoimds in fish is a disturbing factor in the determination of the so- 
called "ammonia" nitrogen by the aeration method. In the past it usually 
has been customary to study the amino-acid content of flesh extracts 
when inquiring into the effect of cold storage upon such material. In 
our own work we used the Sdrensen^ titration method for amino acids 
in making parallel determinations along with the gasometric method 
of Van Slyke.^ In determining amino acids in fish flesh, account must 
be taken of the presence of both ammonia and amines, which are very 
closely related to the amino acids, and have many properties in common 
with them. For this reason a study was made of the effect of ammonia 
and amines, separately and in combination, upon the Sorensen titration. 

Our study of the behavior of ammonia and amines in amino-acid titra- 
tions was carried out in much the same way as that upon the aeration 
method for ammonia described above. Standard solutions of leucin, 
of ammonia, and of different amines were prepared and analyzed for their 
"amino-acid nitrogen" according to the Sorensen method. Later, definite 
volumes of these same solutions were mixed and then analyzed for amino- 
acid nitrogen in the same way. It is obvious that if there were no inter- 
ference between the ammonia, amines, and amino acids the results of 
the titrations upon the mixed solutions would be the same as those upon 

» Sorensen. Biochem. Z., 1907-8, 7: 44. 

< Van Slyke. J. Biol. Chem., 1912, 12: 275, and idem., 1913, 16: 121. 
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the Bolutions analyzed separately. Following are some results of this 
work: 

Effect of ammonium ehlarid and amtne$ upon the determination of amino-acid nitrogen 

by the Sdreneen method. 



BvamtAMOWB xmmD 


VITBOOBN 
DKTBBMINBD 
•■PAmATBLT 


HITBOOBV 
INMIXTUBB 


Leucin solution alone 


grmm 

0.0059 
0.0072 
0.0017... 


gram 


Mftthvl Amine solution alone^ 




Trimetl^yl ftmine snlution Mone r - - 




Ammoniun* ehlorid solution alonA , . 


0.0089 
0.0148 
0.0131 
0.0076 
0.0219 
0.0165 




Leucin 4- NH4CI. solutions mixed 


0.0148 


Leucin -j* CHtNHi, solutions mixed 


0.0133 


Leucin + (C)H|)|N, solutions mixed 


0.0076 


Leucin + CHiNHi + NH4CI. solutions mixed 


0.0215 


Leucin 4- (CHi)iN 4- NH4CI, solutions mixed 


0.0159 







An inspection of this table shows that the presence of ammonia in 
relatively small quantities does not seriously interfere with the amino- 
acid determination; neither does the presence of amines; but when amines 
and ammonia occur together the results obtained by the Sorensen titra- 
tion are not reliable. Unfortunately, this is exactly the state of affairs 
existing in fish flesh. This work upon the interference of certain nitrogen 
compoimds with the Sorensen amino-acid determination is a confirmation 
of the observations made by Henriques and Sorensen* upon the disturb- 
ing influence o( ammonium salts and methyl amine. It is evident, then, 
that the determination of amino acids by the above method gives results 
that are inaccurate owing to the interference on the part of ammonia and 
amines. This interference, unfortunately, is not a definite one, and for 
that reason it is not allowable to correct the amino-acid results by 
subtracting the amount of nitrogen present as ammonia plus amines, 
determined by the aeration method. Therefore, in all the tables the per- 
centage of amino acid as reported is subject to a var3ring and unknown 
correction, due to the presence of ammonia and amines in the fish flesh. 

It is well known to organic chemists that various types of amines react 
in different and characteristic ways with nitrous acid; therefore, the 
Van Slyke ga/sometric method for amino acids is likewise subject to cor- 
rection on account of the presence of various types of amines in fish flesh. 
If the time allowed for the reaction between the nitrous acid and the sub- 
stance being analyzed is sufficiently long we know that the ammonia 
will be determined quantitatively by the Van Slyke method. However, 
it is not customary to allow the reaction to run more than three or five 
minutes. For that reason our results for amino acids determined by 

^ Henriques and Sdrensen. Z. physiol. Chem., 1910, 64: 120. 
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the Van Slyke method are also subject to correction by an unknown 
amount, due to the presence in fish flesh of different types of amines and 
anunonia, and must not be viewed as giving accurate information on 
the percentage of amino acids alone. 

To make the Sorensen and Van Slyke determinations of amino acids 
entirely accurate, it would, of course, have been possible to remove the 
ammonia and amines by distilling with calcium hydroxid according to 
Van Slyke's procedure. But this precaution seems hardly necessary 
in our work where the quantities of amino acids and ammonia are about 
0.16% and 0.01%, respectively. Furthermore, the comparative value 
of our imcorrected amino-acid figures on extracts of fish flesh in studies 
of nitrogen distribution are not impaired, because the determinations 
are always made in exactly the same way on nearly identical material 
at definite periods during two years. 

Many parallel determinations were made of nitrogen precipitated by 
the tanninnsalt reagent and by zinc sulphate applied to the fish extracts. 
The results obtained by the latter method were constantly lower than 
those from the tanninnsalt method. It is known that the zinc sulphate 
precipitates most sharply those substances conunonly classed as pro- 
teoses, while the other method includes certain other nitrogenous sub- 
stances as well as proteoses. However, in our work we always use both 
methods in order to have comparative figures running through the whole 
period of cold storage. We have foimd it very convenient and accurate 
to filter ofif the zinc sulphate precipitate on an asbestos mat in a Gooch 
crucible, wash mat and precipitate into a Kjeldahl flask and transfer 
for the nitrogen determinations. 

In the space at our disposal it is impossible to indicate the details of 
analytical procedures used in our various determinations, as listed on 
pages 231-232. The strict precautions to be followed in preparing aqueous 
extracts of fish flesh, preserving them, taking aliquots, etc., may also be 
omitted at this time. This is also true of the details of extracting and 
analyzing the oils from the fish. In another year the results of all our 
work on frozen fish stored for two years will be completed and tabulated. 
At that time the comparative value of all the different determinations 
in showing changes in fish flesh will become evident and may be discussed 
more intelligently. 

It is obvious that all of the methods so far applied in our work on fish 
aim to detect deterioration by changes in constituents already present, 
caused either by the action of bacteria or enzymes in the fish itself. For 
many purposes it seems very desirable to find methods that will show 
deterioration by the detection of decomposition products not found in 
perfectly fresh fish. We have in mind such things as indol, skatol, phenolic 
substances, and similar products of protein decomposition. The evidence 
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of the early stages of decomposition in fish is not easy to get, and no stone 
should be left unturned in a search for indications of the tainted condition 
in this class of foods. 

RECOMMENDATIONS. 

It is recommended — 

(1) That Price's method (U. S. Bur. Chem. Circ. 108, p. 10) be made 
a provisional method for starch in meat products in place of Majnrhofer's 
method (U. S. Bur. Chem. Bui. 107 (rev.), p. 109, (b) (2) ). With 
very little modification from Price's description, the official description 
should be: 

In a 200 cc. beaker treat 10 grams of finely diyided meat with 75 cc. of an 8% 
solution of potassium hydrate in 95% alcohol, and heat on the steam bath until all 
the meat is dissolved. This will require from 30 to 45 minutes. Add an equal 
volume of 95% alcohol, cool, and allow to stand at least one hour. Filter by suc- 
tion through a thin layer of asbestos in a Gooch crucible. Wash twice with warm 
4% potassium hydrate in 50% alcohol and then twice with warm 50% alcohol. Dis- 
card the washings. Endeavor to retain as much of the precipitate in the beaker 
as possible imtil the last washing. Place the crucible with contents in the original 
beaker, add 40 cc. of water and then 25 cc. of concentrated sulphuric acid. Stir 
during the addition of the acid and see that the acid comes in contact with all the 
precipitate. Allow to stand about 5 minutes, add 40 cc. of water, and heat just to 
boiling, stirring constantly. Transfer the solution to a 500 cc. graduated flask, 
add 2 cc. of a 20% aqueous solution of phosphotimgstic acid, allow to cool to room 
temperature, and make up to mark with distilled water. Filter through a starch- 
free filter paper, and determine the dextrose present in a 50 cc. portion of the filtrate 
with Fehling's solution after neutralizing the acid, using Low's method, as given 
in U. 8. Bureau of Chemistry Bulletin 107 (revised), page 241, for the determination of 
the copper in the cuprous oxid precipitate, or the latter may be weighed as directed 
on page 242. The amount of dextrose multiplied by 0.9 gives the equivalent in 
starch. 

(2) That comparative studies be continued of the different determina- 
tions of the nitrogen distribution and the best manner of carrying them 
out as applied to extracts of fish flesh. Efforts should be made to stand- 
ardize the method of determining coagulable proteins in such work. 
New methods proposed for the determination of proteoses, amino acids, 
amines, etc., in biological material should be investigated with a view 
to finding more sensitive and more accurate indices of deterioration in fish. 

(3) That a study be made of the value of volatile distillation products 
like amines, indol, etc., in detecting incipient decomposition in fish. 
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REPORT ON FATS AND OILS. 

By R. H. Kerb (Bureau of Animal Industry, Washington, D. C), 

Associate Referee. 

The attention of the associate referee on fats and oils has been given 
to a careful consideration of some of the new problems which have been 
raised by the rapid increase in the commercial practice of hardening oils 
by hydrogen. While the practice so far has been applied mainly to cot- 
tonseed oil, almost any edible oil may have its value so enhanced by this 
treatment as to make its hydrogenation a source of profit. It must be 
assumed, then, that the problems of those unlucky chemists who are 
responsible for detections of the adulteration of edible oils and fats are 
now to be increased and complicated by the addition to the list of possible 
adulterants of a long list of hydrogenated and partly hydrogenated fats. 
Aside from the evident fact that the would-be adulterator may now 
alter at will the iodin number, refractive index, and titer of any fat he 
may choose, the process of hydrogenation brings about other changes 
which are of far-reaching importance. The Halphen test of cottonseed 
oil disappears, the erucic acid of rape and mustard oils becomes bebenic 
acid, the highly unsaturated acids of the fish oils are reduced to solid 
acids which no longer give the characteristic precipitate of insoluble 
bromids. It is to be seen at once that many of our tried and trusty 
tests will fail us completely before this new problem, and it is equally 
plain that we must devise new tests to meet the new condition or con- 
fess failure. 

One of the most striking features of the problem is the absolute lack 
of definite information regarding the composition of fats. Although 
fats have been studied and worked over by chemists since the time of 
Chevreul, and the Uterature of the subject comprises a large number of 
bulky volumes, it remains true today that we do not know accurately 
the composition of a single fat. We know that cottonseed oil, for exam- 
ple, consists of the glycerids of palmitic, oleic, and linob'c acids, but we 
do not know whether it consists of a simple mixture of the three trlglycer- 
ids of these acids, or whether the whole array of possible mixed glycerids 
may not also be present. In fact, I am not aware that one single glycerid 
ever has been isolated from cottonseed oil and identified. Almost as 
much may be said of many other well-known fats. It was not known 
imtil two years ago that lard did not contain the glycerid tristearin 
despite all the thousands of analyses of lard made every year. 

In dealing with the problem raised by the use of hydrogenated fats, 
it appears to me that the first requirement will be a much more extensive 
and intimate knowledge of the exact composition of fats. * When we know 
of what glycerids a fat is composed we are then in a position to recognize 
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that fat wherever we find it, tedious and difficult as the process of identi- 
fication may be. Accurate knowledge may, however, point the way to 
short and simple tests, just as Boemer's tedious fractional crystallization 
of lard finally led him to a method only a little less simple and speedy than 
the method already adopted by this association for the detection of the 
adulteration of lard. A modification of this method which I hope to 
present to this association at a later meeting will set the detection of beef 
fat, mutton fat, and all of the hydrogenated oils in lard upon a firm founda- 
tion and also will enable us to distinguish between natural lard and lard 
hardened by addition of hydrogen. The method, if presented, will be 
offered as a method for the detection of the glycerid tristearin in lard, 
not as a method for the detection of beef fat. 

Our needs appear, then, to be (1) the collection of a large amoxmt of 
wholly new information, and (2) new and less laborious methods where- 
by the needful knowledge may be acquired. It is along the second line 
that I have been working. The work I have bee^ doing has not yet 
reached the stage of definite methods of analysis available for cooperative 
study, but some progress has been made along that line, and some im- 
proved methods probably will be available for study during the coming 
year. The ones siiggested at present are: 

(1) A better method for the detection and identification of tristearin. 
. (2) A better method for the separation of solid and liquid fatty 
acids. 

(3) A method for the separation of the liquid fatty acids from each 
other. 

(4) A method for the detection of cholesterol in mixture of animal and 
vegetable fats. 

It is hoped that at least one, and possibly two, of these methods may 
be studied cooperatively and the results of the study presented at the 
next meeting of the association. 

Mr. Hand at this point explained the operation of an apparatus for the 
extraction of fats which he exhibited. 

REPORT ON DAIRY PRODUCTS (ADULTERATION). 

By Julius Hobtvbt (State Dairy and Food Department, St. Paul, 
Minn.), Associate Referee. 

The work of the past two years has magnified the importance of a 
special study of methods for the determination of fat in dairy products. 
It has, in fact, been reaUzed more than heretofore that we are in urgent 
need of a thorough investigation of methods which have been recom- 
mended for study by this association; and, having in view the impor- 
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tance of advandng our work from year to year along the lines indicated 
by these recommendations, attention is first directed to the committee 
reports on this subject since 1906: 

(1) At the meeting held in November, 1906, it was recommended, "That 
ihe Gottlieb method (Landw. yers.-Sta., 1892, 40: 1) be made provisional 
for the determination of fat in milk. Referred to referee for 1907 for 
further reconmiendation. Adopted."^ 

(2) At the meeting held in October, 1907, it was reconmiended that the 
study of methods of anal3r8is of condensed milk be continued and, among 
other things, special attention be given to the "Roese-Gottlieb method 
for the deteimination of fat as described in the proceedings of the associa- 
tion for 1906. Adopted.''* 

(3) At the meeting held in November, 1908, it was recommended, ''That 
the deteimination of fat in condensed milk be studied, special attention 
being given to solutions of less than 20% concentration."* 

(4) At the meeting held in August, 1909, it was recommended, ''That 
methods for determining fat in both sweetened and unsweetened condensed 
milk be studied, giving special attention to those modifications of the 
Babcock and extraction methods recently brought out in Bulletin 134 
of the Indiana Agricultural Experiment Station. Adopted."^ 

(6) At the meeting held in November, 1910, it was reconunended,"(l) 
That the Roese-Gottlieb method be adopted as provisional for the de- 
tennination of fat in milks and condensed milk, both sweetened and 
unsweetened. Carried. (Recommended to the committee by G. E. 
Patrick as official.) (2) That the Roese-Gottlieb method be further 
studied for the analysis of ice cream, milk powders, malted milks, and 
milk chocolates. Adopted."* 

(6) At the meeting held in November, 1911, it was recommended, 
"That Paul's method of extracting fat from dairy products be further 
studied, and that the fat obtained by this method be studied as to its 
chemical and physical constants. Adopted."* 

During the meetings held in 1912, 1913, and 1914, the reports of the 
associate referee on dairy products were devoted chiefly to a continu- 
ation of the study of Paul's continuous-extraction method, together 
with the modifications of the method which have been proposed. Examin- 
ation of the work on dairy products during the past eight years reveals 
the fact that the reconunendations adopted during that period have not 
been consistently carried out. In fact, so far as the proceedings of the 

1 U. S. Bur. Chem. Bui. 105, p. 154. * Ibid.. 132, p. 188. 

« Ibid., 116, p. 117. » Ibid., 137, p. 169. 

« Ibid., 122, p. 188. • Ibid., 152, p. 188. 
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past eight years indicate, the Roese-Gottlieb method has been adopted 
only as provisional. It appears to have been recommended for adoption 
as official, but, so far as can be learned, no further definite action along 
that line has been taken. Also, the further recommendations for study 
of the Roese-Gottlieb method and other methods for the determination 
oi fat in ice cream, milk powders, malted milk, etc., appear to have been 
overlooked. It therefore has been the aim of the associate referee dur- 
ing the past season to take up the study of methods for determining fat 
in dairy products along the lines recommended by this association be- 
tween the years 1906 and 1911. The work on Paul's continuous-extrac- 
tion method was practically disposed of at the meeting held in November, 
1914, and no definite recommendation for the final adoption of that 
method was made, although it appeared that the method was valuable 
and serviceable in certain cases and for the special purpose for which it 
was originally designed. Taking up the work on. dairy products at the 
stage indicated in the proceedings of 1911, the associate referee has ac- 
cordingly enlisted the assistance of about twenty collaborators in a fur- 
ther study of the Roese-Gottlieb method, with a view to placing this 
method in line for final adoption as official in 1916. Also, following out 
the instructions of this association as implied in the recommendations 
adopted at the meetings held in 1909 and 1910, the plan of work of the 
past season has included a comparative study of several modifications 
of the Babcock method which have been proposed during recent years. 
The following instructions were sent out to the collaborators: 

INSTRUCTIONS TO COLLABORATORS. 

Herewith I am sending you directions for collaborative work on dairy products 
for 1015. These directions include a description of various methods which have 
been proposed for the determination of fat in evaporated milk and ice cream. Also 
there is included a description of the Roese-Gottlieb method, together with general 
instructions. You are requested to make a comparative study of all of these 
methods, and for that purpose to obtain in the local market two samples of each 
of the products named in the directions, viz., whole milkf $weet cream, evaporated 
milk, and ice cream. Instead of attempting to send out uniform samples to the 
collaborators, the above plan has been decided upon as preferable. E}ach collabo- 
rator will then carry out his work on samples obtained by himself, and, in addition, 
if time permits, may extend the work on as many additional samples as he may 
wish to investigate. You are requested to report your results in the plan shown in 
the tabular form herewith inclosed, and to write out in full your discussions and 
criticisms on the various methods. 

During recent years a number of methods have been devised for testing butter- 
fat in dairy products, and a considerable amount of uncertainty has arisen regard- 
ing the reliability of standard methods heretofore employed. It therefore has been 
deemed advisable to subject several of the most important of these tests to a care- 
ful critical study alongside of the well-tried-out Roese-Gottlieb procedure adopted 
as pr(Msional a few years ago. There is an urgent call for a reliable centrifugal 
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method for condensed milk and ice cream, and it is hoped that the collaborative 
work of the present season will bring about some agreement, at least on essential 
points, in connection with one or more of the methods which have been proposed. 

Later in the season, as a result of correspondence with Dr. W. D. Bige- 
low, chief chemist of the National Canners' Association Laboratory, 
it was decided to supplement the work outlined in these instructions by 
determinations to be carried out on specially prepared samples of evapor- 
ated and condensed milk. These samples were put up under the careful 
supervision of Dr. Bigelow, at the factory of Borden's Condensed Milk 
Company, at Norwich, N. Y., and sent out direct to the collaborators. 
The samples included: (1) An unsweetened evaporated milk, (2) a sweet- 
ened condensed milk, (3) a sweetened condensed milk of composition 
different from sample 2. In connection with these samples, the follow- 
ing additional infitructions were sent to the collaborators: 

In addition to the work outlined in the instructions which I sent you some time 
ago, I wiU request that you make determinations of butterfat on these three samples 
by the Roese-Gottlieb method, and, in addition, by any other method which you 
believe may give correct results. You may select any one of the methods described 
in the outline sent you; or if you have another method which you have employed 
in your laboratory, I should be pleased to have you report results by that method. 
Results obtained on these samples are to be reported at the same time that you send 
me your statement covering the work included in my outline already sent you. 

Carrying out the plan of work as originally outlined in the first letter 
of instructions, the collaborators were given the following description 
of methods: 

DESCRIPTION OF METHODS. 
BRIN8MAID METHOD. 

Place 2 cc. of glycerin in a Babcock milk test bottle and rotate so that the 
lower half surface is coated with the glycerin. In a small beaker mix 12 cc. of sul- 
phuric acid (C. P., sp. gr. 1.84) with 18 cc. of 80% acetic acid. Weigh 9 grams of the 
well-mixed sample into the bottle and pour in the mixed acids so that the neck of 
the bottle is well washed down/ then rotate the bottle so that the milk and acids 
are mixed and all white lumps dissolved. After thorough mixing, set the bottle aside 
for 15 minutes, the mixture in the meantime becoming black as in the ordinary 
Babcock test. Arrange a suitable rack or support so that the bottle may be 
placed standing in boiling water, allowing water of sufficient depth to cover the 
bottle above its contents. Leave the bottle in the water for 20 minutes, mixing the 
contents several times during this period, run in the centrifuge 5 minutes> add hot 
water so that the contents of the bottle rise to the bottom of the neck, then run 2 
minutes, add hot water imtil the fat rises to the upper part of the neck, and com- 
plete the test by making a final rim of 1 minute. Measure the fat column and ex- 
press the result in the manner described under the heading, "Reading the fat 
column." 

Notes an the method. — ^The preliminary coating of the inside of the bottle with 
glycerin to some extent prevents the milk from adhering to the sides. A good 
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method of introducing the glycerin into the bottle is to take an ordinary 2 cc. 
pipette, cut off the tapering point, draw the glycerin into the pipette, wipe off the 
outside around the end, place the pipette down into the bottle, and allow the glyc- 
erin to drain out. This procedure will prevent the glycerin from coming in contact 
with the neck of the bottle. Considerable heat is developed when the acids are 
mixed, but there is no danger of the mixture becoming too hot. A thorough mixing 
of the milk and acids is necessary for good results. This method appears to have 
been in use for several years in the laboratory of the Illinois Dairy and Food Com- 
mission. Mr. David Klein, Illinois State analyst, proposes that in the case of con- 
densed milk a correction figure of 0.24 be subtracted from the result after multiplying 
the reading by 2. 

GRIGSBT METHOD. 

Weigh 9 grams of the thoroughly mixed sample into a Babcock milk test bottle 
and add 10 cc. of glacial acetic acid, washing down the neck of the bottle with 
the acid, then heat the mixture by putting the body of the bottle in hot water until 
the contents appear smooth, uniform, and free from lumps. While hot, add ordinary 
Babcock sulphuric acid, about 1 or 2 cc. at a time, mixing the contents after each 
addition, until the color of the mixture becomes dark chocolate brown, centrifuge 
5 minutes, run in hot water to the bottom of the neck, centrifuge 2 minutes longer, 
then run in hot water until the fat column comes nearly to the top of the neck, 
and complete with a final run in the centrifuge of 1 minute. Measure the fat col- 
umn and express the result as directed in the paragraph headed, "Reading the fat 
colunm." 

Notes on the method. — Too long heating or overheating of the mixture of acetic 
acid and sample has practically no effect on the result, heating for 5 to 10 minutes 
in water slightly below boiling temperature being usually sufficient. The hotter 
the mixture the less sulphuric acid will ordinarily be required to produce the proper 
result. The fat colunm should be perfectly clear and free from curd or char. In 
case either curd or char appears, the test should be repeated, adding sulphuric acid 
so as to produce a darker color in the case of interfering curd or so as to produce a 
lighter color in the case of interfering char. 

WENDLBR METHOD^. 

Prepare a reagent having the following composition: 125 grams sodium hydroxid, 
25 grams Rochelle salt, 25 grams sodium chlorid; dissolve in water, mix the solu- 
tion, and make volume up to 500 cc. In testing whole milk, run 19 cc. of the re- 
agent into a Babcock test bottle, add 17.6 cc. of the sample in such manner as to 
float over the reagent, then add id or 12 drops of isobutyl alcohol. In testing 
cream, weigh 18 grams of the sample into the test bottle, run in 19 cc. of the 
reagent so as to displace the cream, then add 10 or 12 drops of isobutyl alcohol. 
In testing evaporated milk, weigh 9 grams of the sample in the bottle, add 9 cc. of 
water and thoroughly mix, then run in 19 cc. of reagent so as to displace the sam- 
ple, and add 10 or 12 drops of isobutyl alcohol. In testing ice cream proceed as 
in the case of evaporated milk. In each case, after introducing sample and re- 
agents, shake the mixture for several minutes, place the test bottle in a water 
bath at 50°C. for 3 to 5 minutes in the case of milk and cream, and in the case of 
evaporated milk and ice cream heat the mixture at 60°C. 5 to 7 minutes. Shake 
thoroughly during the heating, then centrifuge at highest possible speed for 4 min- 
utes. Add boiling hot water to bring the fat column up to the graduations in the 

^Z. affent. Chem., 1906, 12: 41-58. 
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neck, centrifuge an additional minute, measure the fat columni and express results 
as directed in paragraph headed, ''Reading the fat column." 

In addition to the methods to be subjected to comparative study described above, 
determine fat in each sample according to the Roese-Gottlieb method. Also, in 
the case of milk and cream samples make the fat determination according to the 
Babcock method carried out according to procedure conmionly recognised as correct. 

For convenience in making comparative tests by the Roese-Qottlieb method, the 
following description is added. 

ROESB-QOTTLIBB METHOD. 

Weigh 40 grams of the properly prepared sample, preferably in a tared weigh- 
ing dish used for sugar analysis, transfer by washing to a 100 cc. graduated sugar 
flask, and make up to the mark with water. Measure 10 cc. of this solution 
into a Rdhrig tube or into a suitable sise Werner-Schmidt extraction apparatus, 
using for the purpose not more than 10 cc. of water to transfer sample to the 
tube. To the material in the extraction tube add 1.25 cc. of concentrated am- 
monium hydroxid (2 cc. if the sample be sour) and mix thoroughly. Add 10 cc. of 
05% alcohol and mix well, then add 25 cc. of washed ethyl ether, shake vigorously 
for half a minute, add 25 cc. of petroleum ether (redistilled slowly at a temperature 
below eO^ preferably) and shake for half a minute. Let stand 20 minutes, or until 
the upper liquid is practically clear and its lower level constant. Draw ofiF the 
ether-fat solution as much as possible (usually 0.5 to 0.9 will be left) into a weighed 
flask through a small quick-acting filter. Re-extract the liquid remaining in the 
tube, this time with only 15 cc. of each ether, shaking vigorously half a minute, 
and allow to settle. Draw ofiF the clear solution through the small filter into the 
same flask as before and wash the tip of the outlet, the funnel, and filter with a few 
cc. of a mixture of the two ethers in equal parts. Extract again and wash in the 
manner just described. Evaporate the ether slowly on a steam bath, then dry the 
fat in a water-oven imtil loss of weight ceases. 

Notes on the method. — Cream and evaporated milk are best sampled by taking 
40 grams and dilute to 100 cc. A 10 cc. sample of this mixture is taken for analysis. 
In the case of ice cream or other products which are not smooth and which contain 
air bubbles, 4 grams of the thoroughly mixed sample are weighed and introduced 
into a Rdhrig tube with the aid of 10 cc. of water, then ammonia, alcohol, and ether 
are added in the amounts called for by the method. In the case of whole milk it 
has been found convenient to weigh out 10 grams directly. If an emulsion occurs 
in the Rdhrig tube the addition of a little alcohol followed by shaking will usually 
break it up. Also, the use of a tube of larger caliber will tend to overcome this 
difficulty. Or, use a large test tube provided with a blowing-ofiP device, as in the 
Werner-Schmidt method. Care should be taken to weigh the residue after evapo- 
ration of ether under exactly the same conditions as those imder which the dish 
was weighed. If the fat contains casein or foreign matter, re-extract with ether, 
evaporate, and weigh again. If all proper precautions are taken, results on a given 
sample should check within 0.02 to 0.05%. If the result is not satisfactory repeat 
the analysis. 

GENERAL INSTRUCTIONS. 

(1) Condition of samples, — ^All samples should be in the best condition possible. 
An evaporated milk should be perfectly smooth and contain no small lumps of fat 
or curded matter. 

(2) Sampling ice cream. — Allow the sample to soften at room temperature, with 
frequent stirring with a spoon. A good method of obtaining a uniform sample is 
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to mix with an egg beater just before weighing. It has been found difficult to obtain 
a fair sample after the ioe cream has been heated on the water bath, owing to the 
fact that the butterfat is melted and quickly rises to the surface. 

(3) Babcock test hotUe.'—VBo an 18-igram milk test bot*tle, reading to 8% and 
graduated to 0.1 of 1%. 

(4) Reading the fat coZumn.— Measure with a pair of dividers and read (a) from 
the extreme bottom to the extreme top, (6) from the extreme bottom, to the lower 
line of the meniscus. Record and report both results. In oases where a 9-gram 
sample has been taken for the test, add the two readings (a) and (b) to obtain the 
percentage of fat. / 

(5) Experience, — In the case of all methods make preliminary trials. Repeat as 
many times as seem necessary in order to become adequately prepared for the regu- 
lar determinations to be made on selected samples. The importance of ample 
experience cannot be overestimated, especially in connection with the Roese-Gott- 
lieb method. 

(6) Plan of work. — ^The following outline will serve to indicate the determinations 
which are to be made on the various samples named in the heading. 



Roese-Gottlieb 

Wendler 

Babcock 



Roese-Gottlieb 

Wendler 

Babcock 



Roese-Gottlieb 

Wendler 

Brinsmaid 



Roese-Gottlieb 

Wendler 

Grigsby 



The results reported by the collaborators have been compiled and ar- 
ranged for purposes of comparison as shown in the following tables. 

The results shown in Tables 1 and 2 indicate chiefly a comparison 
of the Wendler and Brinsmaid methods with the Roese-Gottlieb as de- 
scribed in the instructions to the collaborators. In methods directing 
the use of a 9-gram sample of evaporated or condensed milk the col- 
laborators were instructed to compute the fat percentages by three differ- 
ent formulas. A comparison of the results reported by these methods 
indicates that the sum of the readings designated (a) and (6) represents 
a fair basis on which to make the comparisons. The results obtained 
by multiplying reading (a) by 2 and deducting 0.24 were for the most 
part apparently too low. This method of expressing the fat measurement 
was, however, originally intended for tests apphed to ice cream. With 
very few exceptions, the results obtained by multiplying reading (6) by 2 
and adding 0.15 agreed substantially with the results obtained by adding 
fat-column readings (a) and (6). It therefore has been decided, for piu-- 
poses of comparison of results by the various methods, to confine the 
Wendler and Brinsmaid figures to the sum of readings (a) and (6). Re- 
sults by various miscellaneous methods are also shown in the tabulations. 

Mr. J. T. Keister, of the dairy laboratory, U. S. Bureau of Chemistry, 
has made a special study of the methods which were described in the in- 
structions to the collaborators. These methods have been subjected to 
a large number of comparative tests on samples of milk, cream, evaporated 
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Table 1. 

Fat determinaiioru in condensed milk. 

COLLABORATORS' SAMPLE No. 1— EVAPORATED MILK. 



AXALTBT 


BOBBB- 
OOXTUBB 


WBNDLBB 


BBDfSIIAXD 


MBTBODS 


TT "R RiimAtt 


8.05 
8.06 

^8.17 
7.98 
7.96 
7.93 
7.94 


8.10 
7.65 

8.05 


8.20 

7.86 
8.15 




R "E RtAVPnson 




C] 'RA.hlmn.n 










7.95 
7.96 


8.15 
8.15 




C. G. Sutton 












7.60 
7.85 




G. B. Taylor 


>7.56 
8.06 
8.01 
»7.63 
»7.66 
7.81 
7.81 
7.83 
7.82 
7.81 






TT S RaiIpv 






E W Thornton 


8.10 


7.90 
7.95 
8.10 
8.14 
8.13 
8.12 




C.L. Black 1 








C. N. Austin 


8.21 
8.12 
8.16 
8.14 


•7.58 
•7.40 
•7.62 
•7.78 
•7.64 












•7.32 




7.98 
7.97 
7.98 
7.95 
7.92 
»7.76 
7.98 
7.97 
7.96 
7.96 
7.96 
7.98 
7.99 
8.00 
8.03 
7.96 
7.97 
7.97 
7.94 
7.98 
7.98 
7.97 
8.00 
7.97 
7.94 
7.86 
7.90 








W D Str&ck 






•8.3 








•8.3 






8.00 
7.95 
7.95 


•8.05 




•7 06 


"P f5 RrnAmftn 


7.85 
















F F FitsffArald 








































H.M. Miller 
































P. J.Donk 
























Indiana Condensed Milk Co. . .< 








W C Geaidev 


6.8 

6.8 


8.0 
8.0 


«.o 

^.0 












C. L. MunroOf 




















8.20 
8.10 




H. E. Otting 1 


8.10 
7.94 
7.89 
8.05 
8.06 




•8.60 








H. A. Halvorson 














>8.08 


J. T.Keiflter 






•7.96 








>8.02 


0. L. Evenson < 


8.01 






•8.05 










^^ a •jrj Tni ITn 


8.10 

7.81 
7.96 








^^iniiniiTn ... ... 








A VAr AflTA 

















1 Not inoIud«d in oalcttUtiona. 
s Giiciby method. 
* Beimlixig xzMthod. 



* HuDsiker method. 

• Bieeterfeld-Bveiisoii method. 
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Table I.— Continued. 

COLLABORATORS' SAMPLE No. »-SWEBTENED CONDENSED MILK. 



AXALTR 


BOMB- 
OOTTLIBB 


amiosBT 


■■nmcAiD 


WBMSUX 


OTBSB 
MStHOM 


L. B. Burnett 


9.05 
9.13 
9.07 
9.10 
9.13 
8.96 
9.00 
>9.38 
'9.49 
>8.57 
9.14 
9.10 
9.11 


.9.06 
9.30 








R. E. Stevenson 








0. Pahlmap 


8.35 


8.20 




C. G. Sutton { 














G. B. Tavlor 










H. S. Bailey 










E. W. Thornton 










C. L. Black I 












* 'slso*' 

8.92 
8.81 
9.04 


"9.26" 
9.11 
9.18 
9.24 






r* M Aiiafin 






v/. Vt . AUoblll. 














9.09 
9.08 
9.07 
9.17 
9.12 
17.95 
9.07 
9.09 
9.09 
9.09 
9.08 
9.07 
9.08 
»9.58 
»8.62 
>9.24 
19.245 
9.12 
9.05 
9.08 
8.99 






W. D. Strack 








•9.2 










"9.1 










•8.1 


J. U. ISommann 

E. C. Broeman 








*8.4 










F. F. Fitieerald 




















H.M. Miller 




























P. J.Donk I 


















• 










C. L. Monroe \ 










f 








^.20 


J. T. Keister < 






* 


^.25 


' 








*9.12 


0. L. Evenaon < 








^.12 


H. A. Halvorson / 




























Maximum ..,-...- r ...... . 


9.17 
8.96 
9.08 










Minimum 










Average 





















> Not included in ealouUitiona. 
* Beimlinc method. 



* LeMh method. 

* Bieeterfeld-ETeneon method. 
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Table l.—<J<mtinued. 

COLLABORATORS' SAMPLE No. 53 N8A— SWEETENED CONDENSED MILK. 



AXALTBT 


BOK8S- 


GRZOSBT 


BBIiraifAID 


OTHBBMBTBODS 


L. B. Burnett 


18.95 
«9.15 
8.86 
8.84 
8.85 
8.99 
<8.69 
«8.06 
«8.04 


9.20 
8.80 






R. E. StevenBon 






C. G. Sutton 

G. B. Taylor 




*8.85 






<8.92 








H. S. Bailey 








E. W. Thornton 








C. L. Black 


















9.21 
9.12 
9.14 
9.24 




C. N. Austin 


8.90 
8.90 
8.91 
8.83 
8.83 
8.84 
8.89 
8.86 
«7.38 
8.97 
8.95 
8.95 
8.96 
8.93 
8.97 
8.93 
8.93 
»8.58 
«8.62 
•9.105 
«9.13 
8.95 
8.98 
8.93 
8.96 
8.81 
8.82 
8.83 


8.52 
8.69 
8.81 














W. D. Strack 






^.10 








^.00 


J. H. Bommann < 






*8.55 






<8.40 


F. n. Rro^vnan 






F. F. Fitzgerald 






















H. M.Miller 






















P. J.Donk { 














C. L. Munroe < 














J.T.Keifltcr | 






•9.116 






•9.075 








•9.00 








<9.05 


H. A. Halvorson 


















6.8 
6.8 


•6.2 


W. C. Geagley J 




•6.9 




»7.2 








^.2 












Maximum 


8.99 
8.81 
8.90 








Minim^ni 








Average 

















1 Avcrace of the followinc dttterminationB: 8.83, 8.07, 8.94. 8.96, 8.90. 8.94. 

* Not included in oalouUtionB. 

* Bieaterfeld-Eveneon method. 

* Beimlinc method. 

* Leaoh method. 

* Wendler method. 

' Hunsiker method. 
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Table 2. 

Collaborative fat determinations in milk, creamy and ice cream, 
MISCELLANEOUS MILKS. 



H. B. Burnett 

R. E. SteveoBon 

G. Bahlman 

C. G. Sutton 

G. B. Taylor 

E. W. Thornton 

C.L. Black 

J. H. Bommann 

H. A. Halvorson 

W. C. Geagley 



BOK8B- 
OOTTLXBB 



3.70 
3.79 
3.70 
3.62 
3.56 
4.69 
^3.96 
3.78 
4.58 
»3.18 
^.18 
13.32 
13.56 
4.61 
3.06 
3.45 



Avence of 

fMMlillCS 



3.69 
3.76 
3.60 
3.65 
3.68 
4.78 
>4.09 
3.65 
4.58 
13.06 
14.04 
13.33 
13.28 
4.65 
3.05 
3.40 



A venae of 

(a) and (6) 
leedings 



3.52 
3.52 
3.40 
3.45 
3.60 
4.80 
14.00 
13.8O 
4.63 
13,23 
14.28 
3.26 
3.55 
4.55 
3.00 
3.43 



TAXIATIOire FROM 
BOBSB-OOTTLZXB 



Wendler 



-0.01 
-0.04 
-0.10 
+0.03 
+0.12 
+0.09 
+0.13 
-0.13 
0.00 
-0.13 
-0.14 
+0.01 
-0.28 
+0.04 
-0.01 
-0.05 



Beboook 



-0.18 
-0.27 
-0.30 
-0.17 
+0.04 
+0.11 
+0.04 
+0.02 
-0.06 
+0.06 
+0.10 
-0.08 
-0.01 
-0.06 
-0.06 
-0.02 



MISCELLANEOUS CREAMS. 



H. B. Burnett... 
R. E. Stevenson. 



G. Bahlman 

G. G. Sutton. . . . 
G. B. Taylor. . . . 
E. W. Thornton. 

G.L. Black 



J. H. Bommann. 
W. G. Geagley. . . 



18.26 
18.37 
18.06 
18.45 
17.69 
11.13 
122.15 
16.88 
29.21 
116.80 
115.41 
116.44 
119.35 
16.37 



18.00 
18.80 
18.40 
19.20 
17.88 
11.26 
122.90 
16.25 
31.00 
116.36 
116.08 



17.10 



17.60 
17.60 
17.48 
18.40 
18.50 
11.50 
123.00 
48.50 
31.00 
116.88 
115.43 
118.00 
119.80 
17.00 



-0.26 
+0.43 
+0.35 
+0.75 
+0.19 
+0.12 
+0.76 
-1.63 
+0.79 
-0.45 
-0.33 



+0.73 



-0.65 
-1.20 
-0.57 
-0.05 
+0.81 
+0.37 
+0.86 
+1.62 
+0.79 
+0.06 
+0.02 
+1.56 
+0.45 
+0.63 



MISCELLANEOUS ICE CREAMS. 



H. B. Burnett 

R. E. Stevenson 

G. Bahlman 

G. G. Sutton 

G. B. Taylor 

E. W. Thornton 

G. L. Black. 

J. H. Bornmann 

H. A. Halvorson 

W. G. Geagley 

1 Averace of two or more results. 



BoasB- 

GORLIBB 



9.11 

6.04 

9.00 

6.30 

11.02 

»11.63 

113.47 

14.77 

41.06 

41.03 

19.63 

10.29 

40.46 

42.28 

41.31 



Sum of 

(a) and (6) 



9.40 

5.60 

8.84 

6.23 

10.60 

41.45 

13.00 

14.80 

40.13 

19.83 



10.70 
12.40 
41.40 



Sum of 
(•) and (6) 



9.20 

5.80 

9.15 

5.13 

10.75 

41.76 

43.80 

14.66 

40.90 

40.93 

19.73 

19.98 

10.30 

12.60 

41.20 



TARLtnOMS VBOM 



Wendler 



+0.29 
-0.44 
-0.16 
-1.07 
-0.42 
-0.18 
-0.47 
+0.03 
-0.93 
-1.20 



+0.24 
+0.12 
+0.09 



Qrigsby 



+0.09 
-0.24 
+0.15 
-1.17 
-0.27 
+0.12 
+0.33 
-0.11 
-0.16 
-0.10 
+0.10 
-0.31 
-0.16 
+0.32 
-0.11 
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milk, and ice cream. The report of Mr. Eeister as a collaborator during 
the past season shows a large amomit of painstaking thorough work, 
and is so extensive and complete as to necessitate its incorporation here- 
with separately mider Tables 3 and 4. 
The following comments have been submitted by the collaborators: 

COMMENTS BY COLLABORATORS. 

C L. Munroe, Miner Laboratories, Chicago, lU,: Was unable to obtain any results 
by the Wendler method. In only one or two instances (while working with other 
samples of unsweetened condensed milk) was I able to obtain a fat column and 
those obtained were very unsatisfactory, as they were not clear and did not 
have a definite lower limit. In all other cases no fat column at all was obtained. 
I then tried several minor variations in the procedure outlined in the written direc- 
tions, as follows: After mixing the sample, water, reagent, and isobutyl alcohol 
(this mixing was done very carefully and thoroughly in every case, shaking each 
bottle five minutes), I heated the bottles in a water bath at 55^C. for 20 minutes, 
with shaking. Then centrifuged at high speed for 5 minutes, added boiling water 
up to the neck, centrifuged 2 minutes at high speed, added boiling water to bring 
fat column up into neck, centrifuged 1 minute slowly and 1 minute at high speed. 
Obtained a fat column, but it was not clear, contained Itunps of casein, and the lower 
limit was not sharply defined. 

W, D. Bigelow, National Canners* Association, Washington, D, C: When the 
samples were examined in this laboratory we had mislaid your letter, and therefore 
we examined them by the method that we ordinarily employ; that is, making only 
two extractions. It came to my attention afterwards that your letter directed three 
extractions. The results of Messrs. Fitzgerald, Miller, and Donk are, therefore, 0.02 
or 0.03 lower than they would have been if your directions had been followed exactly. 

F, C. Broeman, F, C. Broeman A Co,, Cincinnati, 0,: The Babcock method and 
its modifications gave such poor results on the sugared evaporated milk that I would 
not deem them worthy of consideration. Charring and indistinct separations made 
it impossible to get check readings on different determinations of same sample. 

/. H. Bommann, U. S, Food and Drug Inspection Laboratory, Chicago, lU.: 
Brinsmaid method: While this method gives good results, it is objectionable be- 
cause it requires the coating of the bottle with glycerol and heating in boiling 
water for 20 minutes. 

Grigsby method: This method has the advantage of rapidity and simplicity over 
the Brinsmaid method. One disadvantage is the difficulty of knowing when just 
enough, and not too much, acid has been added. 

Wendler method: Whereas this method gave satisfactory results on milk, it 
was a failure on all the other products. The fact that a comparatively harmless 
solution at moderately high temperature is used in place of sulphuric acid at a high 
temperature is one point in favor of this method. The fat column in the case of 
milk was very clear and sharply defined, which was not often the case to so marked 
a degree with the other methods employed. 

The Roese-Gottlieb method requires a longer lapse of time before the results are 
obtained, but the total time spent on the manipulation is not so great when com- 
pared with the time spent on a centrifugal method that gives trouble. It is evi- 
dent that the fat can be weighed more acciurately than measured. 

The Leach method (precipitation with copper sulphate and removal of the 
sugar solution in sweetened milk) seems to give low results. 
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H. A. HaivoTBon, State Dairy and Food Department, St, Paul, Minn.: After a 
large amount of preliminary work I found that I was able to obtain very satisf ac- 
tory results with the Wendler method on whole milk, evaporated milk, and ice 
cream; with the Brinsmaid method on evaporated milk; and with the Grigsby method 
on ice cream. The importance of sufficient preliminary experience with all these 
methods, especially the Wendler method, cannot be overestimated. The following 
paragraphs show briefly the results that can be obtained. All the results are aver- 
ages of closely agreeing duplicates. 

Wendler method: On three samples of miscellaneous whole milks, results (the 
average of (a) and (6) readings) on two samples ran 0.04 and 0.09% higher and re- 
sults on one sample ran 0.01% lower than the corresponding results by the Roese- 
Gottlieb method. On four samples of miscellaneous evaporated milks, results (sum 
of (a) and (6) readings) on three samples ran 0.02, 0.03, and 0.01% higher and results 
on one sample ran 0.04% lower than the corresponding Roese-Gottlieb results. On 
six samples of miscellaneous ice creams, results (sum of (a) and (6) readings) on 
five samples ran 0.21, 0.12, 0.30, 0.04, and 0.24% higher and results on one sample ran 
0.14% lower than the corresponding Roese-Gottlieb results. 

Brinsmaid method: On four samples of miscellaneous evaporated milk, results 
(sum of (a) and (6) readings) ran 0.22 and 0.08% higher and results on the other 
two samples ran 0.09 and 0.09% lower than the corresponding Roese-Gottlieb results. 

Grigsby method: On five samples of miscellaneous ice creams, results (sum of 
(a) and (6) readings) on four samples were 0.21, 0.32, 0.35, 0.26% higher and 
results on one sample were 0.01% lower than the corresponding results by the 
Roese-Gottlieb method. 

Roese-Gottlieb method: I consider this method superior to any other when great 
accuracy is required. An experienced analjrst, with care, can obtain results that 
agree very closely, say, within less than 0.1%. In order that different analysts 
may obtain concordant results on the same sample, it is more desirable (due to 
errors made in measuring) to weigh the sample directly rather than to take 10 co. 
of solution containing 40 grams in 100 cc. This is especially true in the case of ice 
cream, which usually contains a large amount of air even after being melted. I 
think that results nearer the truth would be obtained if the directions required 
that the sample be weighted out directly. 

E. W, ThorrUon, Department of Agriculture, Raleigh, N, C: I experienced some 
difficulty in the Wendler method on ice creams, due apparently to slight saponifi- 
cation of the butterfat. The results reported on the ice cream by this method 
are on a pure ice cream which contained no thickening agent. 

My results on evaporated milk are on the sample No. 1 (unsweetened) which was 
sent to me. Both centrifugal methods on this product gave very clear and satis- 
factory fat readings, but with a uniform difference of 0.2% between readings (a) 
and (6). I was unable to obtain satisfactory reults by either the Wendler or 
Brinsmaid methods on sweetened condensed milk. 

C. N, Austin, Sears, Roebuck & Co., Chicago, III.: Roese-Gottlieb method: In 
this work the fat flasks were dried to constant weight before the ether extracts 
were added. A counterpoise flask was used, which underwent the same heating 
as the flasks used in weighing the fat. It was found to be impossible to weigh a 
series of flasks with uniform rapidity. To compensate for the change in weight 
of the flasks, which takes place when they are removed from the desiccator, each 
one was allowed to stand on the balance pan until constant weight had been 
reached before a weighin g was recorded. Another error that was difficult to avoid 
was caused by casein or water-soluble material passing through the filter with 
the ether extracts. To avoid this the extracts were allowed to stand about 30 
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minutes, and the filters were moistened with petroleum ether before adding the 
extracts. In making the extractions petroleum ether redistilled and coming over 
below 60^ was used. Blanks were nm to allow for the extractive matter in the 
reagents and nonvolatile residue in the ether. These caused a correction of 0.02 
to 0.04 in the percentage. We were able to obtain results checking within 0.05%. 

Babcock method: The modifications of the Babcock methods suggested were 
used in making determinations of the fat on the three samples submitted, as well as 
on a ntunber of samples used for preliminary work. Bottles of the form specified 
could not be obtained in time for the work. The bottles used were of the ordinary 
form, reading to 10% and graduated to fifths of a per cent. The height from to 
8.0 on the stem of the 10% bottles was 1.5 cm. lesd than the height of the corre- 
sponding reading of the 8% bottles. A ntunber of determinations were afterward 
made on other samples using the two kinds of bottles. This showed an a erage 
difference in the height of meniscus for the two kinds of bottles of only 0.01 on the 
scale. No correction was applied, however, since it was ascertained that the cor- 
rection of —0.24, recommended for the Brinsmaid method, was original'y deter- 
mined from results obtained with bottles of the kind used by us. With all of the 
Babcock methods it was found difficult to obtain a sharply defined column of clear 
fat, due sometimes to a slight char, but more often to the presence of a slight amount 
of fine caseous material that prevented an accurate reading of the lower limit of the 
fat column. The fact that errors are multiplied by the necessity of using 9-gram 
samples would appear to be an added objection to the Babcock methods. 

The Brinsmaid method was found to give results higher than the Roese-Gottlieb 
results, even after the correction had been applied. However, the difference was 
not uniform for the three samples. The method gave results that check closely 
within themselves, and seemed to be as good for sweetened condensed milk as for 
evaporated milk. 

The Grigsby method was found to be very imsatisfactory. It -was very diffi- 
cult to obtain fat columns free from curd or char, and even perfectly clear fat 
columns would sometimes give readings varsdng by as much as 0.2. The results 
were lower than those obtained by the other Babcock methods. With sweetened 
condensed milk this method was only applicable when the reagents were added to 
the drained ciurd. The presence of a small amount of water prevented the com- 
plete solution of the caseous material. When the results were tabulated the cor- 
rection for the Brinsmaid method was applied to these results also as indicated in 
the instructions. 

In the case of the Wendler method we substituted amyl alcohol for the isobutyl 
alcohol reconunended, since the latter could not be obtained, and the former ap- 
peared to be effectual in preventing saponification of the fat. The method thus 
modified gave results with evaporated milk that accorded closely with those ob- 
tained by the Brinsmaid method, but with sweetened condensed milk no results 
could be obtained, since the precipitated curd did not dissolve completely. 

H, S. Bailey, Bureau of Chemistry , Waahington, D, C: Just for my own satisfac- 
tion I tried to see how close duplicates could be obtained on a sweetened condensed 
milk, weighing up the original milk after dilution instead of merely using a 10 cc. 
pipette. Somewhat to my surprise the results were 8.996, 8.994, and 8.992. By using 
the weighing burette so that only one weighing more than the number of portions 
weighed out is required, very little more time is required than if we used a pipette, 
as there is no occasion for rinsing. To my mind the one drawback in the Roese- 
Gottlieb method as outlined is the danger of using too much water in rinsing out the 
pipette. I find that if only 2 or 3 cc. are used there is no emulsion formed, while 
if one takes 10 cc. it is necessary to let the determination stand for a long time 
before it is possible to draw off the ether-fat colunm. 
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L, B, Burnett, Bureau of Chemistry, Washington, D, C: Of the two centrifuge 
methods tried on whole milk, the Wendler method gave the best results, the fat 
column being perfectly clear, the lower meniscus horizontal. On evaporated milk 
the Wendler method did not work quite as well as on whole milk. More consistent 
results were obtained if the sample was not shaken during the heating, but rotated. 
With a little experience good results were obtained. On cream and ice cream the 
Wendler method seemed to give satisfactory results. The variations in the results 
on the second sample of cream and ice cream were not due to any fault of the method* 
as clear fat columns were obtained, but to the condition of the sample. 

The Grigsby method was found to be satisfactory for sweetened condensed milk. 
The sample being diluted with one-third its weight of water and 12 instead of 
grams being weighed out. 

The Brinsmaid method did not appear to offer any special advantages, but satis* 
factory results were obtained with it on evaporated milk. 

In the Wendler method in making up the fat column to the top of the gradua- 
tions, it was found that if a dilute alcohol was emplo3red instead of water the floo- 
culent material was less apt to come to the top; however, this is not necessary if 
the sample is not shaken violently during the heating. 

C. L. Black, U. 8, Food and Drug Inapedion Laboratory, Philadelpkia, Pa.: I 
found the Wendler method most unsatisfactory in that in no case was I able to get 
all the ciurd dissolved by the amount of heating and shaking directed in the method, 
this being especially noticeable in the case of ice cream. Hie method would appear 
very unsatisfactory as a routine laboratory method in that, owing to the amoimt 
of vigorous shaking required, so few determinations can be made at one time, and 
these require so much more attention from the analyst than any of the ordinary 
methods used for similar products. In addition, it appears that the prolonged 
shaking seems to cause a decided loss of fat. 

Oeo. B. Taylor, State Board of Health, New Orleans, La.: Wendler method proved 
to be very unsatisfactory. In nearly every instance the clear fat would be under- 
lain by curd. In a few instances the fat refused to rise. 

It is my opinion that the Roese-Gottlieb method as outlined (40 grams to 100 oc., 
10 cc. >- 4 grams taken) is unsatisfactory where materials heavy in fat are con- 
cerned. Small Itunps of fat will invariably form when the solution is mixed, and 
remain in the pipette after the required amount is nm into the Rdhrig tube. When 
large amounts of fat are present it is practically impossible to get to constant weight 
by heating at the temperature of boiling water. An appreciable loss is almost al- 
ways noted on heating for intervals of an hour. 

During the last two years this laboratory has used, with good results, a slight 
modification of the Grigsby method for analyzing ice cream. We use 17.6 oc. of 
glacial acetic acid, mix well, but do not heat, adding commercial sulphuric add to 
dark coffee brown color (about 10 cc). This gives a clear reading. The results du- 
plicate well. 

On the other hand, it has been difficult to obtain good duplicates with the Roese- 
Gottlieb method, especially with fruit ice creams. No method is satisfactory which 
requires the weighing out of 9 grams of sweetened condensed milk into an 8% Bab- 
cock milk bottle. This was done on triplicate samples, and worked by the Brins- 
maid method, with no fat rising. A 40% solution was made up and 15 cc equivalent 
to 6 grams were taken. No results were obtained. The Roese-Gottlieb method is 
the only satisfactory method for sweetened condensed milk. 

Clarence Bahlman, Board of Health, Cincinnati, Ohio. — ^When 18 grams of cream 
were treated with Wendler's reagent, there was a slight ciurd under the fat, when 
heated 5 minutes at 50°C. This was entirely avoided when the mixture of cream 
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and reagent was heated 10 minutes at GO'^C. In the case of the evaporated milk, 
the same trouble was experienced when heating 5 minutes at 50^C., but was 
remedied by heating 10 minutes at GO^'C. With the sweetened condensed milk, the 
Brinsmaid method gave considerable trouble. The fat layer showed a dark curd. 
Four tests were made; in only one were we able to obtain a satisfactory fat. Also, 
the Wendler method showed some curd when heating 5 minutes at 50^C., but gave 
dear separation when heated 10 minutes at 60**C. 

/. T, Keister, Bureau of Chemistry, WaekingUm, D, C: In the Brinsmaid method 
very good readings were obtained in most cases and the results indicate that it 
gives figures varsdng only about 0.10 to 0.15 from the truth, when the readings are 
made to lower line of meniscus. 

The Wendler method was a failure for evaporated milk on the 9-gram charge. 
Using a 6-gram charge was a considerable improvement, but as only two samples 
were tested by this modification no conclusion can be drawn. 

The Grigsby method gave very satisfactory results on plain and nut ice cream 
and is about all that could be expected of a centrifugal method. In case of plain 
cream not a sufficient number of figures have been recorded to form any conclusion 
as to whether the correction —0.24 is necessary or not, as only two samples were ex- 
amined, with some variation in results. In case of nut ice creams these results 
indicate clearly that the above correction is not necessary. The method worked 
successfully on the sample of pineapple cream, but in case of the other fruit creams 
(peach and strawberry) the method was not a success, the fat not being completely 
liberated and the fruit pulp also interfering with readings. 

In case of the Wendler method, the results show that in its present form the 
method is not applicable to ice cream. 

DISCUSSION OF RESULTS. 

Reports from collaborators, most of whom reported determinations in 
duplicate, are on the whole a very satisfactory demonstration of the re- 
liability of the Roese-Gottlieb method, especially when applied to such 
products as unsweetened and sweetened evaporated milk. With the 
exception of a few modifications, as suggested by some of the collaborators, 
the directions for canying out the Roese-Gottlieb method will doubtless 
remain in the form already adopted as provisional. The preferred modi- 
fication consists in weighing the sample. With this modification and 
one or two not very material changes in description, the method is in 
form for another season's study, anticipating its final adoption as official. 

The associate referee selected, finally, for comparative study the methods 
devised by Wendler,^ Brinsmaid,* and Grigsby.* The first of these, it 
is true, was described as applicable to the testing of milk, but preliminary 
trials of the method on other products led to the hope that good results 
might be forthcoming if the collaborators were directed to apply it to 
all samples submitted. The Brinsmaid method was devised for evapor- 
ated milk and the Grigsby method for ice cream. Unfortunately, in 
planning the work for the present year, the method described by Hunziker, 
and recommended for study at the meeting held in 1909, was overlooked. 

» Z. dflfent. Chem., 1906, 12: 41-58: Analyst, 81: 118. 

* Correspondence from Mr. David Klein of the Illinois Food Conmiission. 
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There are, however, some results by this method reported by two of the 
collaborators, and these, together with information received from reliable 
sources, afford a basis for the belief that the method should be included 
in the cooperative study to be carried out next year. So far as can be 
judged from results reported by the collaborators, it appears that the 
methods devised by Brinsmaid, Grigsby, and Hunziker are worthy of 
further study, attention being given primarily to the products for which 
they were designed; and, in addition to these, there may probably be 
included the methods described by Beimling and Manchester. In the 
selection of methods it will, however, be borne in mind that a test like 
that described by Beimling has the serious defect arising from the prob- 
able solution of amyl alcohol in the fat column, thus causing too high re- 
sults. A modified Roese-Gottlieb procedure has for some time been 
under process of perfection in the dairy laboratory at the U. S. Bureau of 
Chemistry, but there is no assurance as yet that this is available for col- 
laborative study with a view to adoption by this association. It may 
seem like a venture somewhat far from the aims of the association to put 
these modified centrifugal methods so much to the fore in our collabora- 
tive work in comparison with a method now well-nigh permanently estab- 
lished. There are, however, two purposes in view, either one of which 
seems to justify the past season's plan of work. In the first place, there 
is a persistent demand for a reliable quick method for factory control 
work or as a reliable sorting-out test f qr use in State and municipal food 
and dairy laboratories. In the second place, in the interest of soimd 
policy and future stability in our work as analysts, this group of mis- 
cellaneous proposed so-called modified Babcock tests should be subjected 
to careful criticism and fair treatment. Then, any of these modifications 
that are not to be depended upon for the purposes for which they were 
devised should be consigned to oblivion. The supply of such methods 
ID the last half dozen years has perhaps much exceeded the demand; 
most of them have gone into print without anything like adequate ana- 
lytical backing; and the originators have been for the most part over- 
confident and somewhat lax in their descriptions. Some analysts, in fact, 
seem to imagine that one or two of these methods are applicable to all 
kinds of dairy products, from plain milk to ice cream and infant foods. 
The program which will be offered for the coming year will at any rate 
contemplate a weeding out among the score or more of these centrifugal 
methods with a view to determining which, if any, are really dependable 
for the products for which they were originally designed. 
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RECOMMENDATIONS. 

It is recommended — 

(1) That the Roese-Gottlieb method be adopted as official for the 
determination of fat in milk and condensed milk, both imsweetened 
and sweetened. 

(2) That a further study be made of the Roese-Gottlieb method in the 
analysis of ice cream, milk powders, malted milks, and milk chocolates. 

(3) That a special further study be made of modifications of the Bab- 
cock method as applied to condensed milk, both unsweetened and sweet- 
ened, and to ice cream. 



Table 3. 
Camparalive study of fat methods for milk, cream, and evaporated milk. 

MILK. 



No. 1. 
No. 2. 



WBNDLBB MBTBODl 



00 



3.05 
3.40 



Poroent 
fat 



3.95 



3.40 



(b) 



ReBdinc 



3.75 
3.20 



Poroent 
fat 



3.75 



3.20 



BABOOCK MBTBOD 



(•) 



Readixii 



3.75 
3.20 



Percent 
fat 



3.75 



3.20 



(b) 



Reading 



3.55 
3.00 



Percent 
fat 



3.55 
3.00 



P^oent 
fat 



3.09 
3.696 

3.225 
3.218 



>ReMlingO.K. 



CREAM. 



(a) 



PSBCBMT 
FAT 



(b) 



(c) with glymol 



Wendler:* 
No. 1... 
No. 2.... 



Babcock: 
No. 1. 
No. 2. 



17.9 
16.4 



17.9 
15.9 



17.88 
16.12 



17.74 
15.70 



17.30 
15.8 



17.3 
15.3 



17.29 
15.58 



17.15 
15.11 



17.40 
15.7 



17.4 
15.4 



17.39 
15.48 



17.26 
15.20 



> Found it difficult to get uniform readings with cream. Method not conaidered as reliableas Bab' 
sock. 



Roese-Gottlieb: 
No.l 

No. 2 



Per cent fat 

17.32 
/ 15.16 
\ 15.23 
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Table Z,— Continued. 
EVAPORATED MILK. 



(a) 



(b) 



PBB OIMT r AT 



»(»)X2 



/uwo (»)X2 (b)XJ 
WXa _024 +0.16 



BBtNSMAIV MBTHOD. 





ffrofiu 
















»/ 


9.0947 


3.8 


3.6 


7.52 


7.12 


7.28 


7.27 


Reftdings 0. K. 


ft ' 


9.0720 


3.8 


3.6 


7.54 


7.14 


7.30 


7.29 


Slight undissolved curd. 


b 


9.0622 


3.8 


3.6 


7.54 


7.16 


7.30 


7.30 


Some charring. 


9.0600 


3.9 


3.7 


7.74 


7.35 


7.50 


7.50 


Do. 




9.0747 


3.9 


3.7 


7.73 


7.33 


7.49 


7.48 


Reading 0. K. 


c 


9.0550 


3.9 


3.7 


7.75 


7.35 


7.51 


7.50 


Little brown "mud." 


d 


9.0395 


3.9 


3.7 


7.76 


7.36 


7.52 


7.51 


Cloudy fat but good read- 


9.9780 


3.9 


3.7 


7.73 


7.33 


7.49 


7.48 


"go. 


* 


9.1914 


4.4 


4.2 


8.61 


8.22 


8.37 


7.91 


Very good readings. 




8.9388 


4.3 


4.1 


8.66 


8.25 


8.42 


8.02 


f 


9.0417 


4.10 


3.90 


8.16 


7.76 


7.92 


7.91 


Readings 0. K. 


9.0276 


4.15 


3.95 


8.26 


7.87 


8.02 


8.02 


This one charred. 




9.0305 


4.40 


4.20 


8.77 


8.37 


8.53 


8.52 


Slight char; not perfect. 


K 


9.1270 


4.45 


4.25 


8,776 


8.38 


8.54 


8.53 


h 


9.0245 


4.3 


4.1 


8.67 


8.17 


8.33 


8.32 


Some char. 


9.1210 


4.2 


4.0 


8.29 


7.89 


8.05 


8.04 


Reading 0. K. 



Wbitdlbb Mstbod. 





9.0437 


3.45 


3.25 


6.86 


6.46 


6.62 


6.61 


Undissolved casein, not a 


a- 
















success. 




9.0722 


3.30 


3.10 


6.54 


6.16 


6.30 


6.30 




b 


9.1882 


3.56 


3.35 


6.95 


6.56 


6.71 


6.71 


Some white curd. 


9.0677 


3.50 


3.30 


6.94 


6.55 


6.70 


6.70 


Do. 




9.1330 


3.20 


3.00 


6.37 


6.98 


6.13 


6.13 


Much white curd. 


e ' 


9.0576 


3.10 


2.90 


6.18 


6.77 


6.94 


5.92 


Do. 


. 


6.0700 


2.60 


2.40 


7.71 


7.12 


7.47 


7.27 


Clear reading; (a) X 3. 


1 ' 


6.2470 


2.70 


2.60 


7.77 


7.20 


7.53 


7.35 


Do. 


. 


6.0235 


2.50 


2.30 


7.48 


6.87 


7.24 


7.04 


Reading 0. K.; (a)X3. 


J 


6.0651 


2.50 


2.30 


7.42 


6.82 


7.18 


6.97 


Slight brown "mud." 









RoaftB-QoTTLnn Mithod. 








•AMPLI 


PKRCBNT 


SAMPLI 


psBCBirr 


•AMPLB 


PaRCBMT 


SAMPLI 


PBBCBIIT 


:::| 


7.172 
7.144 
7.10 
7.16 


:i| 


7.41 
7.41 

7.478 
7.619 


e....{ 
f....{ 
K 


8.172 
8.197 
7.765 
7.779 
8.59 


H....{ 

1 

j 


8.05 
8.06 
7.12 
7.467 



i (a) is ooTTMtad to 9 
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Table 4. 
Comparative sttuiy of fat methods with ice cream, 

QbIOSBT MaTHOD. 



Vanillft 

Cbooolate 
Vanillft 

Pineapple.. 

PeMh 

Stnwbony, 

Maple nut.. 
Peaoh 



h 



0.0016 
0.2712 
0.0710 
0.1001 

0.0180 
0.0282 
0.0484 



0.0007 
0.2447 



O.llfiO 
0.0820 



0.1520 
0.M26 



0.0210 
0.2280 



(») 



4.06 
6.10 
4.66 

4.80 

4.60 
4.70 
4.06 



4.10 
8.60 

8.60 

4.00 

4.20 
4.70 

4.40 

8.00 
8.8 



(b) 



4.78 
4.00 
4.86 
4.40 

4.40 
4.60 
8.86 



8.00 
8.80 

8.80 

8.80 

4.00 
4.60 

4.20 

8.70 
8.60 



ran oniT was 



0.02 
0.70 
8.82 
8.82 

8.07 
0.10 
7.86 



7.08 
0.01 

0.71 

7.78 

8.00 
8.06 

8.68 

7.68 
7.27 



0.80 
0.00 
0.028 
0.04 

0.18 
0.87 
8.06 



8.10 
0.81 

0.01 

7.08 

8.20 
8.84 

8.78 

7.78 
7.62 



X 

s 



0.40 
0.61 
0.00 
8.02 

8.78 
8.07 
7.06 



7.77 
0.42 

0.60 

7.62 

7.86 
8.40 

8.88 

7.88 
7.02 



0.66 
0.66 
8.78 
8.80 

8.04 
0.18 
7.82 



7.06 
0.67 

0.07 

7.00 

8.02 
8.60 

8.64 

7.64 
7.78 



0.66 
0.66 
8.75 

8.n 

8.08 
0.12 
7.81 



7.08 
0.67 

0.66 

7.07 

8.01 
8.01 

8.68 

7.68 
7.17 



Reading O. K. 

Do. 
Reading perfect. 
Few amaU lumpe of chocolate in 

neck; not objectionable. 
Reading O. K. 

Fnit pulp waa in neck of bottle, 
but separated from fat, and did 
not interfere with readings. 
Da 

Fat and pulp not in contact; no 
interference with reading. 

Fkirly good reading; pulp inter- 
fered somewhat. 

Only fair reading, pulp inter- 
Do! 

Reading O. K.; nuts in neck of 
bottle, but separated from fat. 

Very good reamng obtained by 
heating HiObath slightly 
above 60*, which caused sepa- 
ration of nuts from fat. 

iVuit pulp interfered with read- 
ings, some fat being entangled 
with pulp. 
Do. 



WlNDLnn MlTHOD. 







0.1160 


4.80 


4.10 


8.28 


8.40 


8.06 


8.25 


8.28 


Only fair test some curd. 


a 


Vanilla 


0.0710 


4.5 


4.80 


8.72 


8.02 


8.62 


8.68 


8.07 


Too much curd to read accu- 
rately. 
White "mud" at bottom of fat 






0.0866 


4.46 


4.25 


8.61 


8.81 


8.42 


8.67 


8.57 


b 


Chocolate 


















column; not a success. 






0.1282 


4.60 


4.80 


8.68 


8.87 


8.48 


8.63 


8.68 


Do 






0.1870 


4.60 


4.40 


8.86 


0.06 


8.00 


8.82 


8.81 


White "mud" reading only ap- 





Vanilla 


















rtfg^fwiwTkf^^j^ 






0.0612 


4.60 


4.80 


8.74 


8.04 


8.64 


8.70 


8.60 


Do. 






0.1000 


4.00 


8.80 


7.70 


7.00 




7.60 




White curd or "mud" at bottom 


d 


Pineapple.. 


















of fat column. 






0.0730 


4.00 


8.80 


7.74 


7.08 




7.00 




Do. 




Peach 


0.0800 


8.25 


8.06 




6.44 








White curd or **mud;" not a 

















0.1640 


8.26 


8.06 




6.46 








Do. 













Ronsn-QonuBB Mstbod. 



ran cam fat 



nn CBMT PAT 



Vanilla 

Chocolate... 

Vanilla 

Pineapple.. 



0.68 

0.67 

002 

0.08 

0.210 

0.28 

8.14 

8.10 



Pteeh 

Strawberry, 
Maple nut.. 
Peach 



7.08 

7.66 

8.180 

8.188 

8.75 

8.n6 

8.47 

8.608 



> Corrected to 18 grams. 
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Aah, detennination, in spices, paper by Brinton 201 

Auditing committee, report S7 

Bftking powder, recommendation by Committee C 60 

Baking powders — 
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recommendations by Patten 226 

report by Patten 216 

Balsams and gum resins- 
recommendations by Merrill 87 

report by Merrill g2 

Barnard, report. Committee C on recommendations of referees 62 

Beer- 
recommendations by Committee C * 63 

report by Paine 187 

Bidwell— 

and Walton, paper, determination of crude fiber 32 

report, foods and feeding stufifs 29, 123 

Black pepper, crude fiber determination, note by Paul 200 

Brinton, paper, determination of ash, especially in spices 201 

Browne, report, sugar 134 

Calcitun and strontitun in water, separation and determination 113 

Calciiun sulphate, r61e in phosphate baking powders 226 

Carruth and Withers, note, gos83rpol in cottonseed 36 

Cereal products, recommendation by Committee C 66 

Chemical methods of detecting deterioration in fish flesh, paper by Clark and 

Ahny t 231 

Chemical reagents, testing — 

recommendations — 

by Committee B 48 

by Rather 41 

report by Rather 38 

Clark, report, meat and fish 229 

Cocoa and cocoa products, recommendation by Committee C 66 

Coffee and tea, recommendations by Committee C 66 

Colors — 

recommendations by Committee C 62 

report by Mathewson 160 

Committee A on recommendations of referees, report 41 

Committee B on reconmiendations of referees, report 46 

Committee C on recommendations of referees, report 62 

Committee on amendment of constitution and by-laws, named 208 

Committee on recommendations of referees, report (Trowbridge) 87 
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Committee on reyision of constitution, appointment and personnel 79 

Committees, officers, and referees — 

1914-16 89 

1916-16 '. 93 

Cows' milk, so-called neutralisation precipitate, paper by Palmer. 4 

Crude fiber- 
determination — 

in black pepper, note by Paul 200 

paper by Bidwell and Walton 32 

paper by Mangels and Trowbridge 132 

report by Francis 30, 126 

Cutler, report, feed adulteration 36, 123 

Davidson, report, auditing committee 57 

Dairy products- 
adulteration— 

recommendations — 

by Committee C 55 

by Hortvet 254 

report by Hortvet 288 

recommendations — 

by Committee B 46 

by Nurenberg 21, 159 

report by Nurenberg 8, 146 

Distilled liquors — 

fusel oil and esters, paper by Kats 188 

recommendations by Committee C 53 

Drugs and medicinal plants — 
recommendations — 

by Committee B 49 

by Emery 59 

report by Emery 59 

Dunbar, report, fruit products 176 

Emery, report- 
medicinal plants and drugs^ 59 

S3mthetic products 75 

Emmet t, report, separation of nitrogenous substances (meat proteins) 22 

Executive conmiittee, recommendations, approval 41 

Fats and oils- 
recommendations — 

by Committee C 54 

report by Kerr 237 

Feed adulteration — 

recommendations by Cutler. . .-. 38, 123 

report by Cutler 36, 123 

Feeds and feeding stuffs— 
recommendations — 

by Committee B 47 

by BidweU 30 

report by Bidwell 29 
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Fiber, crude. See Crude fiber. 
Fish and meatr- 

recommendationa— vwb 

by Clark 236 

by Committee C 64 

report by Clark 229 

Fish flesh, deterioration, chemical methods of detection, paper by Clark and 

Ahny 231 

Flavoring extracts— 

recommendations— * 

by Committee C M 

by Paul 212 

report by Paul 208 

Foods and feeding stufFs— 

recommendations by Bidwell 128 

report by Bidwell * 123 

water content—. 

recoomiendations by McGee 128 

report by McGee 120 

Foods, heavy metals content, recoomiendations by Committee C 66 

Francis, report on crude fiber 30, 126 

Frear, report of committee on resolutions 67 

Fruit products- 
recommendations — 

by Cconmittee C 63 

by Dunbar 182 

report by Dunbar 176 

Furber, report on determination of radioactivity 116 

Fusel oil and esters in distilled liquors, paper by Kats 188 

Gossypol, in cottonseed, note by Withers and Carruth 36 

Gtun resins and balsams- 
recommendations by Merrill 87 

report by MerrilL 82 

Hartmann, report on wine 182 

Honey, artificial invert sugar content, detection, report by Shannon 160 

Hortvet, report on dairy products (adulteration) 238 

Hydrocyanic acid, colorimetric determination of small quantities, paper by 
Viehoever and Johns, reference 41 

Insecticides, recommendations by Committee A 43 

Invert sugar, artificial, detection in honey, report by Shannon 160 

Jablon, paper, separation of ponceau 3R from other dyes 162 

Johns and Viehoever, paper, colorimetric determination of small quantities 

of hydrocyanic acid, reference ., . . . 41 

Jones, president's address, storage of sugar in the maple tree 103 

Katz, paper, fusel oil and esters in distilled liquors 188 

Kerr, report, fats and oils 237 



Digitized by 



Google 



262 INDBX 

Mangels and Trowbridge, paper, determination of orude fiber 132 

Maple tree, storage of sugar, address by Jones 108 

Mathewson— 

paper, use of spectrophotometer for examination of food coloring matter. . 164 

report on colors 160 

Meat and fish- 
recommendations — 

by Clark 296 

by Committee C 64 

report by Clark 229 

Meat products, separation of nitrogenous substances. See Nitrogenous sub- 
stances. 
Medicinal plants and drugs — 
recommendations — 

by Committee B 49 

by Emery 59 

report by Emery 59 

Merrill, report, balsams and gum resins S2 

Metals, heavy, in foods, recommendations by Conmiittee C 56 

Milk and cheese, separation of nitrogenous substances. See Nitrogenous sub- 
stances. 
Municipal chemists, admission to membership, restrictions 87 

Nelson, paper, determination of santonin in Levant wormseed 79 

Nitrogen, recommendations by Committee A 42 

Nitrogenous substances, separation — 
Meat products — 

recommendations — 

by Committee B 48 

by Trowbridge 143 

report — 

by Emmett 22 

by Trowbridge 143 

Milk and cheese — 

recommendations — 

by Committee B 48 

by Pahner 3, 144 

report by Palmer 1, 145 

Nominations, committee, report (Withers) 58 

Nurenberg, report, dairy products 8, 146 

Officers, referees, and committees — 

1914-16 89 

1916-16 93 

Oils and fats- 
recommendations by Committee C 54 

report by Kerr 237 

Paine, report, beer 187 

Palmer^ 

paper, so-called neutralization precipitate of cows' milk 4 

report, separation of nitrogenous bodies, milk and cheese 1, 144 
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Patteur— Pago 

paper, r61e of calcium sulphate in phosphate baking powders 225 

report, baking powders 214 

Paul- 
note, determination of crude fiber in black pepper 200 

report, flavoring extracts 208 

Phosphoric acid, rec(»nmendations by Committee A 41 

Phosphorus, organic and inorganic, in foods, feeding stufiFs, and drugs, recom- 
mendations by Committee B 48 

Plant constituents, inorganic, recommendations by Committee A 43 

Ponceau 3R, separation from other dyes, paper by Jablon 162 

Potash, recommendations by Committee A 42 

Preservatives, recommendations by Committee C 56 

President's address, by Jones 103 

Rabak, paper, comparison of physical properties of some official volatile oils 

with special reference to requirements of U. S. P. 1910, reference 82 

Radioactivity, determination, report by Furber 116 

Rather, report, testing chemical reagents 38 

Reagents, chemical. See Chemical reagents. 

Recommendations of referees, report — 

by Committee A 41 

by Committee B 46 

by Committee C 52 

Referees, officers, and committees — 

1914-15 89 

1916-16 93 

Referees, reconmiendations, report of committee (Trowbridge) 87 

Resolutions, committee, report (Frear) 57 

Revision of constitution, committee, report on admission of municipal chem- 
ists to membership 87 

Ross, report, Committee A on reconmiendations of referees 41 

Saccharine products — 
recommendations — 

by Committee C 52 

by Shannon 174 

report by Shannon 169 

Santonin, in Levant wormseed, determination, paper by Nelson 79 

Secretary-treasurer, report for year ending November 15, 1914 57 

Sindali, report, spices 197 

Shannon, report, saccharine products 169 

Skinner, report, water 113 

Soils, recommendations by Committee A 43 . 

Spectrophotometer, for examination of food coloring matter, use, paper by 

Mathewson 164 

Spices — 

reconmiendations — 

by Committee C 54 

by Sindali 200 

report by Sindali 197 
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Strontium and calcium, separation and determination in water 113 

Sugai^- 

reconmiendations by Browne 134 

report by Browne 134 

storage in maple tree, address by Jones 103 

Synthetic products, report by Emery 76 

Tea and coffee, reconmiendations by Committee C 55 

Trowbridge, reportr- 

Committee B on recommendations of referees 46 

separation of nitrogenous bodies, meat products 143 

Trowbridge and Mangels, paper, determination of crude fiber 132 

Vegetables, recommendation by Committee C 55 

Viehoever and Johns, paper, colorimetric determination of small quantities of 

hydrocyanic acid, reference 41 

Vinegar, recommendations by Conmiittee C 53 

Volatile oils, official, comparison of physical proi>erties, etc., paper by Rabak, 

reference 82 

Walton and Bidwell, paper, determination of crude fiber. 32 

Watei^ 

in foods and feeding stuffs^ 
recommendations— 

by Committee B 47 

by McGee 123 

report by McGee 120 

recommendation by Committee A 45 

report by Skinner 113 

Wine— 

reconmiendations — 

by Committee C 53 

by Hartmann 186 

report by Hartmann 182 

Withers and Camitb, note, gossypol in cottonseed 35 

Wormseed, Levant, determination o^ santonin content, paper by Nelson 70 
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